ees 





a 


52 & soe ae 


‘i 













































































































































METALS «& ALLOYS 


Volume Vill—January, 1937 to December, 1937 


SUBJECT INDEX 








Aircraft Tubing, Seamless Steel, Bright Annealing of. — Steel for Bicycles —Apr. Iron and Carbon, Alloys of (Book Review)—0. W. 
H. R. Lewis. 331 Alm-Aluminum !—Apr. Ellis. 210 
Alloy Steels, American, and Electric Steels, Trends in Safety Pins—May - , Chilled Cast, Crystalline Manganese Sulphide 
Production of.—Edwin F. Cone. 191 Open-Hearth and Blast Furnace Progress—May in.—Owen W. Ellis. 221 
Alloys, Heat-Resisting, Notes on the Grain Size of Service Data on 18 and 8—May — -, in Hydrogen at High Temperatures, Furnace 
Cast Ni-Cr.—F. K. Ziegler & L. B. Haughwout. Let’s Split Some Hairs—June for Treating —M. Gensamer & V. E. ‘fhornburg 
225 Copper and Tin in Deep Drawing Steels—June 11 
——- of Iron and Carbon (Book Review)—0. W. Progress in Powder Metallurgy—June Is Beryllium Ductile?—W. Kroll 49 
Ellis. 210 Want to Know—July 
Atmosphere from Hot Chareoal for Annealing Copper.— Snake O0il—July 
H. D. Holler. 181 Losses in Processing Stainless Steels July Logging and Road Construction. Low Alloy Steel ( 
Atmospheres and Fluxes in the Melting of Wrought It Goes Round and Round—July ings in—A. Finlayson. 239 
Phosphor Bronze.—L. Kroll, F. E. Ball & E. A. A Suggestion—July Low Alloy Steel Castings in Logging and Road Con- 
Anderson. 307 The Lighting Rod—Aug. struction.—A Finlayson. 239 
Austenite Transformation at Constant Temperature, Manganese Ore—Aug. 
Process and Result of. 22 Rosraede — 1d 
On Writing Editorials—Sept. eee “oa ie. 
aor gg Past oo Sept. a 4 amen Angee =Tehing— Heel e 
Bakelite, Note on the Mounting of Specimens in.— yevotion, Service and Profit—Sept. gen-Free igh-Conductivit yer 
J. L. Everhart. 115 The 40-Hr Week—0Oct. Biwin FF Cone . rie neta ein 
Beryllium, Is it Ductile?—W. Kroll. 349 Molybdenum Forges Ahead—Oct. :, . Valve Seat Inserts for Ford Engines Ed 
Brake Drums, Ford, The Metallurgical Story of.— ener gl ae . win F Cone. 89 a = ¢ 
Edwin F. Cone. 303 Fundamental Research in Metallurgy—Nov. ee opihin ae i —_ in Meneses 
Brazing Materials for Spuds in Tank Construction, John Howe Hall Joins Our Advisory Board—Dec. a ake ae ee See ee 
Silver Alloys as.—H. A. Folgner. 29 Nomenclature—Dec. Goetze 23] 945 . , ' 
Bright Annealing of Seamless Steel Aircraft Tubings.— Effeot of Titanium on Some Properties of 17.5% Metal, Ductile, A "Note on the Dependence of Micr: 
H. R. Lewis. 331 Chromium Steel.—G. F. Comstock & C. L. hardness on the Speed of Cutting of Harold 
Clark. 42 C. Hodge 81 4 | 
18-4-1 and Mo-Max High Speed Steels Compared, the ; Si ee . as mavinge { er 
bon and tron, Alloys of (Book Review) —0. W. Microstructures of.—R. G. Kennedy, Jr. 289 Art ici he ost  epaiersge tilt 
Ellis. 210 Engineering As a Career.—Fred P. Peters. 235 Metallic Surfaces Wear of —E. E. LeVan. 20% 
vitation Erosion of Metals, New Method for Study- Experimental Study of Gases for Controlled Atmospheres Metallurgical Story of Feed Brake "Deeme- Edwin | 
sais -Walter €. Schumb, H. Peters & Lowell H. in the Heat Treatment of Steel.—E. E. Slowter Cone. 303 
Milligan. 126 & B. W. Gonser. 159, 195 , nernsic ‘orrosion-Resist 
omium Steel, Effect of Titanium on Some Proper- Extended Abstracts ne aT ee a ‘Kendall 313 35 
“y of 17.5%—G. F. Comstock & C. L. Clark. Testing Metals for Severe Service.—H. W. Gillett. in the Printin Industry.—B. W. Gonser & 
2 101 » notin 8 Re oe A th 
ontrolied Atmosphere,’’ Controlling A.—A. E. Krogh. Symposium on Wear of Metals.—H. W. Gillett. : _& 7) y Fhe: te Cabs.—Edwin F 
47, 83 123 ‘one. 27 o> 
iper, Annealing, Atmosphere from Hot Charcoal for. Short Time Creep Characteristics of Stainless Roney Testing for Severe Service. (Ext. Abs.) 
—H. D. Holler. 181 Steels. 294 H. W. Gillett. 101 Rtas, 5 
——, with Electric Heat, Furnaces and Refractories Testing—A Symposium.—John D. ae Used in the Development of Power Cables 
Atmospheres for.—E. K. Hansen & P. H. Brace. Sullivan. 297 W. H. Bassett, Jr. 185 
é 5 - - S S S \ 
- Castings, Alloyed with Zr and Be, Notes on “Gillett be a oe ee 
the Hardness aad Conductivity of Heat-Treated.— Fatigue and- Static Stressing, Distortion of Grains by. — Microsections, Transparent Mounting for—E. A. Er 
G. F. Comstock & R. E. Bannon. 106 Charles S. Barrett. 13 man. 27 
—— -Lead Bearings from Metal Powder—A New Ferric lon in Sea Water, Pitting of Stainless Steel Mo-Max and 18-4-1 High Speed Steels Compared, the 
Art.—Erich Fetz. 257 ve and the Insolubility of. —-W. A. Wesley & C. H. Microstructures of—R. G. Kennedy, Jr. 289 
— Oxygen-Free High-Conductivity, The Manu- Lindsley. 335 New Method for Studying Cavitation Erosion of Metals. 
facture of —Edwin F. Cone. 33 ; Ford Brake Drums, The Metallurgical Story of.—Edwin —Walter C. Schumb, H. Peters & Lowell H 
—, Rolled, An X-Ray Study of Preferred Orienta- F. Cone. 303 Milligan. 126 
tion in.—H. V. Anderson & G. L. Kehl. 73 ———— Engines, Manufacture of Valve Seat Inserts Microstructures of Mo-Max and 18-4-1 High Speed 
— Tubing, Finned, Manufacture of.—Edwin F. for.—Edwin F. Cone. 89 Steels Compared.—R. G. Kennedy, Jr. 289 
_ Cone. 133 Furnace for Treating Iron in Hydrogen at High Tem- Nickel, Temperature of Recrystallization of.—Erich 
Correlated Abstracts peratures.—M. Gensamer & V. E. Thornburg. 11 Fetz. 339 
Diffusion in Solid Metals.—A. I. Krynitsky. 138 ” Ahmeanteans neaii "wi ns is 0 Pine r—C. K 
261 a : y- , Furnaces and Atmospheres for Annealing Copper with Nomograms in a Pipe Foundry.—C. K. Donoho. 93 
PRL F i : Electric Heat—E. K. Hansen & P. H. Brace. Note on the Dependence of Microhardness on the 
Iperlattices—Charles S. Barrett. 251 915 Speed of Cutting of Ductile Metal.—Harold C. 
oe ot ——, aoaeient Metals and Al- Hodge. 81 
oys ; endal 313, 355 —- Mounting of Specimens in Bakelite.—, , 
Corrosion and Corrosion-Resistant Metals and Alloys, Gold Plate, Composite, Radiography of—W. J. Everhart. 115 : ve 
Cnaieliion tea Ae Ar V. Peg 313, 355 _Wrighton & Tracy C. Jarrett. 78 Notes on the Grain Size of Cast Ni-Cr Heat-Resist- 
Owen W. wiiie. 501 ide in Chilled Cast Iron.- Grain Areas on a Plane Section, Relation Between the. ing Alloys —F. K. Ziegler & L. B. Haughwout. 
—J. J. B. Rutherford, R. H. Aborn & E. C. 225 
sag" yl ; <2 . - ——— Hardness and Conductivity of Heat-Treated 
3 - —— Size of Cast Ni<r eat-Resisting Alloys, Copper Castings Alloyed with Zr and Be.—G. F. 
Diesel Locomotive Cabs, Metals and Alloys Used in.— Notes on the —F. K. Ziegler & L. B. Haughwout. Comstock & R. E. Bannon. 106 
_. Edwin F. Cone. 271 995 
Diffusion in Solid Metals (Cor. Abs.)—A. I. Kry- A 
Direct Elec a 38, 273, 261 " s Phosphor Bronze, Wrought, Atmospheres and Fluxes in 
ri ae 7 g, 4 lting aml c ° C :c E 
Sinn Stet Fe Peten, Oso emt abner ue Otel MMe. 3. Me Ae 2 ee 
istortion of Grains by Fatigue and Static Stressing.-— Caughey & H. C. Lee. 15: "3 Phosphorus As An Alloying Element in Steels Js 
Charles S. Barrett. 13 4 Hydride Process.—Peter P. Alexander. 263 at Elevated Menmeste~ Boy “i c. Cross & D. 
Krause. 53 
a Pipe Foundry, Nomograms in a.—C. K. Donoho. 92 
Editorials Improved Method of Studying Inclusions in Alloy Pitting of Stainless Steel and the Insolubility of Fer- 
Addition to our Editorial Staff—Jan. Steels.—W. A. Hare & Gilbert Soler. 169 ric Ion in Sea Water.—W. A. Wesley & C. H. 
Low-Alloy, High-Elastic Steels—Jan. Inclusions in Alloy Steels, Improved Method of Study- Lindsley. 335 
Thesis Abstracts—Feb. ing.—W. A. Hare & Gilbert Soler. 169 Power Cables, Metals Used in the Development of.-~ 
Manganese—A Strategic Material—Feb. Induction —— Two New Applications of.—E. F. W. H. Bassett, Jr. 185 
Diesel Power—Past, Present and Future—Feb. Cone. 149 Printing Industry, Metals and Alloys in.—B. W 
German-English “Pony” —Feb. a Oe ‘Cracking of Steel in Aqueous Solution. Gonser & S. Epstein. 3, 59, 63, 117 
Strategic Materials and War—Mar. . C. Schroeder, A. A. Berk & R. A. O’Brien. Process and Result of Austenite Transformation at 
a is ee ny ?—Apr. my ~. — Constant Temperature. 22 
gress in Gray Tlron—Apr internal Stresses in Welds—Their Cause ect.— Production Data of the Ste ‘oundry ti 
on Oe tian nies. teel Foundry Industry. 


A. B. Kinzel. 277 Edwin F. Cone. 111 








Radiography of Composite Gold Plate.—W. J. Wrigh- 
ton & Tracy C. Jarrett. 78 

Recrystallization of Nickel, Temperature of.—Erich 
Fetz. 339 

Refractories Testing—A Symposium (Ext. Abs.)— 
John D. Sullivan. 297 

Relation Between the Grain Areas on a Plane Sec- 
tion.—J. J. B. Rutherford, R. H. Aborn & E. 
C. Bain. 345 

Residual Metals in Open-Hearth Steel.—John D. Sul- 
livan & R. A. Witschey. 99 

Short Time Creep Characteristics of Stainless Steel. 

(Ext. Abs.)—S. I. Wolfson & A. M. Borzdika 

294 


Silver Alloys as Brazing Materials for Spuds in Tank 
Construction.—H. A. Folgner. 29 

Solid Metals, Diffusion in (Cor. Abs.)—A. I. Krynit- 
sky. 138, 173, 261 

Speed of Cutting of Ductile Metal, A Note on the 
Dependence of Microhardness on the.—Harold C. 
Hodge. 81 

Stainless Steel, Pitting of, and the Insolubility of 
Ferric Jon in Sea Water—W. A. Wesley & C 
H. Lindsley. 335 

Static Stressing and Fatigue, Distortion of Grains 
by.—Charles 8S. Barrett. 13 

Steel for Forging, Upsetting, ete., Direct Electric Re- 
sistance Heating of.—Fred P. Peters. 281 

— Foundry Industry, Production Data of.—Kd- 
win F. Cone. 111 


Aborn, R. H.; Rutherford, J. J. B. & Bain, E. C.— 
Relation Between the Grain Areas on a Plane 
Section. 

Alexander, Peter P.—The Hydride Process. 263 

Anderson, E. A.; Kroll, L. & Ball, F. E.—Atmos- 
pheres and Fluxes in the Melting of Wrought 
Phosphor Bronze. 307 

Anderson, H. V. & Kehl, G. L.—An X-Ray Study of 
Preferred Orientation in Rolled Copper. 73 


Bain, E. C.; Rutherford, J. J. B. & Aborn, R. H.— 
Relation Between the Grain Areas on a Plane 
Section. @a% | 

Ball, F. E.; Anderson, E. A. & Kroll, L.—Atmos- 
pheres and Fluxes in the Melting of Wrought 
Phosphor Bronze. 307 

Bannon, R. E. & Comstock, G. F.—Notes on the Hard- 
ness and Conductivity of Heat-Treated Copper 
Castings Alloyed with Zr and Be. 106 

Barrett, Charles S.—Correlated Abstract on Super- 
lattices. 251 
Distortion of Grains by Fatigue and Static 
Stressing. 13 

Bassett, Jr., H. W.—Metals Used in the Develop- 
ment of Power Cables. 185 

Berk, A. A.; Schroeder, W. C. & O’Brien, R. A— 
Intererystalline Cracking of Steel in Aqueous So- 
lution. 320 

Borzdika, A. M. & Wolfson, S. 1.—-Short Time Creep 
Characteristics of Stainless Steel (Ext. Abs.) 294 

Brace, P. H. & Hansen, E. K.—Furnaces and At- 
mospheres for Annealing Copper with Electric 
Heat. 215 


Clark, C. L. & Comstock, G. F.—Bffect of Titanium 
on Some Properties of 17.5% Chromium Steel. 42 
Comstock, George F.—Titanium Improves Pearlitic 
Manganese Steel. 148 
& Bannon, R. E.—Notes on the Hardness 
and Conductivity of Heat-Treated Copper Castings 
Alloyed with Zr and Be. 106 
- & Clark, C. L.— Effect of Titanium on Some 
Properties of 17.5% Chromium Steel. 42 
Cone, Edwin F.—Manufacture of Finned Copper Tub- 
ing. 133 
Manufacture of Oxygen-Free High Conductivity 
Copper. 33 
Manfacture of Valve Seats Inserts for Ford En- 
gines. 89 
Metallurgical Story of Ford Brake Drums. 303 
Metals and Alloys Used in Diesel Locomotive 
Cabs. 271 
Production Data of the Steel Foundry Industry. 
111 
Trends in Production of American Alloy Steels 
and of Electric Steels. 191 
Two New Applications of Induction Heating. 149 
Cross, H. C. & Krause, D. E.—Phosphorus as an 
Alloying Element in Steels for Use at Elevated 
Temperatures. 53 


Donoho, C. K.—Nomograms in a Pipe Foundry. 93 


Ellis, 0. W.—The Alloys of Iron and Carbon (Book 
Review.) 210 
Crystalline Manganese Sulphide in Chilled (Cast 
Iron. 221 

Epstein, S. & Gonser, B. W.—Metals and Alloys in 

the Printing Industry. 3, 59, 63, 117 





—, Heat Treatment of, Experimental Study of 
Gases for Controlled Atmospheres in the.—E. E. 
Slowter & B. W. Gonser. 159, 195 
Intererystalline Cracking of, in Aqueous So- 
lution.—-W. €. Schroeder, A. A. Berk & R. A. 
O’Brien. 320 
Making, Hearth Refractories for—W. J. 
MacCaughey & H. C. Lee. 153 
———— QOpen-Hearth, Residual Metals.—John D. 
Sullivan & R. A. Witsehey. 99 
—, Pearlitic Manganese, Titanium Improves.— 
George F. Comstock. 148 
—— Reminiscences.—Henry D. Hibbard. 8, 39, 
71, 114, 145 
Stainless, Short Time Creep Characteristics 
of (Ext. Abs.)—S. I. Wolfson & A. M. 
Borzdika. 294 
Steels, Electric, Trends in Production of American 
Alloy Steels and of.—Edward F. Cone. 191 
- — for Turbine Rotor Forgings and Their Heat 
Treatment.—N. L. Mochel. 265 
Use at Elevated Temperatures, Phosphorus 
As An Alloying Element in.—H. C. Cross & 








D. BE. Krause. 53 
Superlattices, Correlated Abstract on.—Charles_ S. 
Barrett. 251 


Symposium on Wear of Metals (Ext. Abs.)—H. W. 
Gillett. 123 


Temperature of Recrystallization of Nickel.—RHrich 
Fetz. 339 


AUTHOR INDEX 


Erdman, E. A.—A Transparent Mounting for Micro- 
sections. 2 

Everhart, J. L.—Note on the Mounting of Speci- 
mens in Bakelite. 115 


Fetz, Erich——Copper-Lead Bearings from Metal Pow- 
der—A New Art. 257 
Temperature of Recrystallization of Nickel. 339. 

Finlayson, A.—Low Alloy Steel Castings in Logging 
and Road Construction. 239 

Folgner, H. A.—Silver Alloys as Brazing Materials 
for Spuds in Tank Construction. 29 


Gensamer, M. & Thornburg, V. E.—A Furnace fot 
Treating Iron in Hydrogen at High Temperatures. 


11 

Gillett, H. W.—Symposium on Wear of Metals, (Ext. 
Abs.) 123 
Testing Metals for Severe Service (Ext. Abs.) 
101 
What Hasn’t Been Accomplished in 1936. 1 

Goetzel, Claus G.—Mechanical Properties of Four 
Binary Tin Bronzes at Room and Elevated Tem- 
peratures. 231, 245 

Gonser, B. W. & Epstein, S.—Metals and Alloys in 
the Printing Industry. 3, 59, 68, 117 

——— & Slowter, E. E.—An Experimental Study of 
Gases for Controlled Atmospheres in the Heat 
Treatment of Steel. 159, 195 


Hansen, E. K. & Brace, P. H.—Furnaces and At- 
mospheres for Annealing Copper with Electric 
Heat. 215 

Hare, W. A. & Soler, Gilbert—An Improved Method 
of Studying Inclusions in Alloy Steels. 169 

Haughwout, L. B. & Ziegler, F. K.—Notes on the 
Grain Size of Cast Ni-Cr Heat-Resisting Alloys. 


225 
Hibbard, Henry D.—Steel Reminiscences. 9, 39, 71, 
14, 145 


Hodge, Harold C.—A Note on ihe Dependence of 
Microhardness on the Speed of Cutting of Ductile 
Metal. 81 

Holler, H. D.—Atmosphere from Hot Charcoal for 
Annealing Copper. 181 


Jarrett, Tracy C. & Wrighton, W. J.—Radiography 
of Composite Gold Plate. 78 


Kehi, G. L. & Anderson, H. V.—An X-Ray Study of 
Preferred Orientation in Rolled Copper. 73 
Kendall, V. V.—Correlated Abstract on Corrosion and 
Corrosion-Resistant Metals and Alloys. 313, 355 

Kennedy, Jr., R. G.—The Microstructures of Mo-Max 
and 18-4-1 High Speed Steels Compared. 289 

Kinzel, A. B.——Internal Stresses in Welds—Their 
Cause and Effect. 277 

Krause, D. E. & Cross, H. C.—Phosphorus As An 
Alloying Element in Steels for Use at Elevated 
Temperatures. 53 

Krogh, A. E.—Controlling A “‘Controlled Atmosphere.’’ 
47, 83 

Kroll, L., Ball, F. E. & Anderson, E. A.—Atmospheres 
and Fluxes in the Melting of Wrought Phosphor 
Bronze. 307 

Kroll, W.—Is Beryllium Ductile? 349 

Krynitsky, A. !.—Diffusion in Solid Metals. (Cor. 
Abs.) 138, 173 


Testing Metals for Severe Service (Ext. Abs.) —H. W. 
Gillett. 101 

Tin Bronzes, Binary, at Room and Elevated Tempera- 
atures, Mechanical Properties of Four.—Claus G. 
Goetzel. 231, 245 

Titanium, Effect of, on Some Properties of 17.5% 
Chromium Steel—G. F. Comstock & C. L. Clark. 


42 
Improves Pearlitic Manganese Steel.—George 

F. Comstock. 148 

Transparent Mounting for Microsections.—i&. A. Erd- 
man. 27 

Trends in Production of American Alloy Steels and 
of Electric Steels —Edwin F. Cone. 191 

Turbine Rotor Forgings and Their Heat Treatment, 
Steels for.—N. L. Mochel. 265 

Two New Applications of Induction Heating.—Edwin 
F. Cone. 149 





Valve Seat Inserts for Ford Engines, Manufacture of.— 
Edwin F. Cone. 89 


Wear of Metallic Surfaces.—E. E. LeVan. 206 

Welds, Internal Stresses in.—Their Cause and Effect.— 
A. B. Kinzel. 277 

What Hasn’t Been Accomplished in 1936.—H. W. 
Gillett. 1 


X-Ray Study of Preferred Orientation in Rolled Cop- 
per—H. V. Anderson & G. L. Kehl. 73 


Lee, H. C. & MacCaughey, W. J.—Hearth Refra 
tories for Steel Making. 153 

LeVan, E. E.—Wear of Metallic Surfaces. 206 

Lewis, H. R.—Bright Annealing of Seamless St 
Aircraft Tubing. 331 

Lindsley, C. H. & Wesley, W. A.—Pitting of Stai 
less Steel and the Insolubility of Ferrie Ion 
Sea Water. 335 


MacCaughey, W. J. & Lee, H. C.—Hearth Refracto 
for Steel Making. 153 

Milligan, Lowell H.; Schumb, Walter C. & Peters, 
—A New Method for Studying Cavitation Eros 
of Metals. 126 

Mochel, N. L.—Steels for Turbine Rotor Forgings 
Their Heat Treatment. 265 


O’Brien, R. A: Schroeder, W. C. & Berk, A. A. 
Intererystalline Cracking of Steel in Aque 
Solution. 320 


Peters, Fred P.—Direct Electric Resistance Heating 
Steel for Forging, Upsetting, ete. 281 
Engineering As a Career. 235 

Peters, H.; Schumb, Walter C. & Milligan, Lowel! 
—A New Method for Studying Cavitation Ero 
of Metals. 126 


Rutherford, J. J. B.; Aborn, R. H. & Bain, E. C.— 
Relation Between the Grain Areas on a Pline 
Section. 345 


Schroeder, W. C.; Berk, A. A. & O’Brien, 8. A— 
Intererystalline Cracking of Steel in Aqueous 
Solution. 320 

Schumb, Walter C.; Peters, H. & Milligan, Lowel! H. 
—New Method for Studying Cavitation Erosion of 
Metals. 126 

Slowter, E. E. & Gonser, B. W.—An Experimental 
Study of Gases for Controlled Atmospheres in 
the Heat Treatment of Steel. 159, 195 

Soler, Gilbert & Hare, W. A.—An Improved Method 
of Studying Inclusions in Alloy Steels. 169 | 

Sullivan, John D.—Refractories Testing.—A Symposi- 
um (Ext. Abs.) 297 

—— & Witschey, R. A.—Residual Metals in Open- 
Hearth Steel. 99 


Thornburg, V. E. & Gensamer, M.—A Furnace for 
Treating Iron in Hydrogen at High Temperatures. 
11 


Wesiey, W. A. & Lindsley, C. H.—Pitting of Stain- 
less Steel and the Insolubility of Ferric Ion in 
Sea Water. 335 

Witschey, R. A. & Sullivan, John D.—Residual Metals 
in Open-Hearth Steel. 99 

Wolfson, S. 1. & Borzdika, A. M.—Short Time Creep 
Characteristics of Stainless Steel. (Ext. Abs.) 
294 

Wrighton, W. J. & Jarrett, Tracy C.—Radiography of 
Composite Gold Plate. 78 


Ziegler, F. K. & Haughwout, L. B.—Notes on the 
Grain Size of Cast Ni-Cr Heat-Resisting Alloys 
225 

















yy —— 


( 




































ne 


us 


of 


tal 
in 


10d 


\si- 


for 
res. 


ain- 
in 


tals 


reep 
bs.) 


y of 


the 
joys 


» 
} 


What Hasn't Been Accomplished 





in 1936 


HE JANUARY ISSUES of many technical jour- 
nals carry surveys of the accomplishments of the 


previous year. With the re-inauguration this 
month of the leader of the Squanderbund and the pros- 
pects of what may happen in the next four years, one 
v rs whether it makes a heck of a lot of difference 
Wl r or not progress has been made or will be 
n wward solution of the technical problems at- 
teiding the production of better and cheaper things 
that satisfy human desires, raise the standard of living 
and provide employment. Personally, we class as a 


thoroughly unreconstructed rebel who still believes 
in the precepts of Ben Franklin rather than those of 
Frani:lin D. Some 17 million voters of the same mind 
form a minority, it is true, but not so small a one that 
we feel too lonely. 

We are consoled by the thought that the proportion 
t our point of view is, after all, only one and a 
raction to one. Even a large numerical majority 
doesn’t necessarily mean that the majority is right. 
Consider the apparent solidarity of the German people 
behind Hitler. Does the huge majority he is able tem- 
porarily to command mean that it is really right, or 
even profitable in the long run, to shoot your political 
opponents? What those who happen to havé been put 
in positions of power by mass hysteria need most is 
the continued frank opposition of those who disagree 
with their aims, principles, or methods. Hence, we 
view with alarm the after-election editorials of part 
of the business and technical press to the effect that, 
whatever we really think, we should go along with 
the administration and keep our mouths shut. That 
was done four years ago when, in the first flush of 
the administration, everyone was hopeful that a Moses 
had appeared to lead us out of the wilderness, and it 
was that going along that led to the imposition upon 
us of N.R.A, and other unworkable schemes. 

An analogous point of view might be brought to 
bear on this matter of recent progress. Certainly 
there has been technical progress, but are we justified 
only in pointing with pride, and refraining entirely 
irom viewing with alarm? 


JANUARY, 1937 


Dy H. W. Gillett 


Back in 1894, Thomas Blair reported that “1 per 
cent molybdenum rendered good iron red-short and 
utterly worthless.” That “information” could have 
been cited in the January, 1895, journals among the 
“useful facts” brought out in the previous year, had 
such reviews then been in vogue. So we might ask 
how far we really broke away in ’36 from repeating 
as fundamental truths, things that never were true 
in the first place. 


The ‘‘Nuisance’’ Elements 

In respect to the alleged evil effects of Cu and P 
in steel, some wiping out of misapprehensions has oc- 
curred, and we know more as to the conditions under 
which the old ideas are true and those where they are 
false. But we still know very little about the mech 
anism that produces phosphorus embrittlement when it 
does occur. How many other “nuisance” elements 
or merely neglected elements are waiting around for 
someone to find out where they can really be of ser- 
vice? K.C.Li., in Mathewson’s “Modern Uses of Non- 
ferrous Metals,” remarked that much arsenious oxide 
has been bonded with cement, taken out to sea and 
dumped, just to get rid of it. Well-rounded progress 
ought to have pointed the way for use of arsenic. 
In the list of less common elements, uranium is still 
waiting around, while columbium has become of vital 
importance in its one application in 18:8. 

Some progress has been made in wiping out the 
theory of undissolved graphite nuclei in the melt as 
the one thing to be avoided in the production of high 
test cast iron, and alternate theories have been pro- 
mulgated. Releasing our minds from that groove is a 
help, but the new grooves don’t seem to be leading 
any ‘place in particular, and the real facts as to super- 
heating and the like are by no means clear as yet. 
We’re not justified in being too complacent about our 
understanding of cast iron. 


The Open-Hearth and 
Blast Furnace 


The past decade has seen advances in open-hearth 
practice along lines of thermal economy and in the 








application of physical chemistry. Blast furnace opera- 
tion could do with analogous study. Would it not be 
better to purify the charge from much of the silica 
it ordinarily carries, ship less weight and carry less 
slag? Do we really need slag volume and fuel to melt 
it? Cupola, electric, air furnace and various other 
melting methods should be benefited by the method 
of attack used on the open-hearth problem, and the 
last word is far from said on that. How about a 
really acceptable method for measuring the tempera- 
ture of molten steel in any sort of furnace? 

Despite all the work on machinability and free- 
machining steels, we are a long way from having un- 
tangled the variables or having developed a real test 
to evaluate the property. 

Grain size control in steel is becoming more truly 
under control, but we still grope for complete and 
adequate explanations. Controlled atmospheres for 
heat-treating advance commercially, but largely by 
cut and try methods, with a fool-proof, simply pro- 
duced, and universally applicable atmosphere still to 
be found. In this connection, wouldn’t it be nice if 
some one would show how to handle steel in soaking 
pits, and in rolling and forging, without scaling? 

Even the protection of the surface of unalloyed iron 
and steel from atmospheric corrosion is pretty much 
where it was ten years ago, but that isn’t primarily 
the metallurgist’s problem. His problem, of cheaply 
producing corrosion resistant alloys or metallic sur- 
faces, has yielded somewhat to attack, but the situa- 
tion is still far from satisfactory. For example, how 
much real progress has been made toward getting 
plated or hot-dipped coatings that are truly free from 
pinholes and other flaws? 


Corrosion, Abrasion and 
High Temperature 

The severe-service applications, where corrosion, 
abrasion, or high temperatures are involved, are prob- 
ably those we can design for with the poorest degree 
of assurance. With all the work on corrosion, in an 
apparently fairly simple case of the stainless tanks 
for gasoline and sea-water for its displacement on 
the Navy vessels, foresight was not so good as hind- 
sight, and the hindsight doesn’t seem any too clear 
at that. With lots of new low-alloy high-yield strength 
steels and the need to know how they will behave 
under various corrosive conditions, where is the re- 
liable method for predicting just how they really will 
behave in the long run? 

Observation of wear resistant alloys in actual ser- 
vice involving severe abrasion is under way that may 
bring out some specific facts, but how unlikely it is 
that even if the tests lead to definite conclusions, the 
same alloys will be put through a series of different 
types of laboratory wear tests to show which, if any, 
give true indications? 

As to high temperature service, we have repeatedly 


commented on the peculiar situation where supposedly ° 


duplicate heats behave widely differently in long-time 





load carrying ability, with very little done about rem- 
edying the situation. And, speaking of temperature, 
what is the real cause of low impact at low tempera- 
tures in a host of alloys? 

As to endurance under repeated stress, progress 
was made by large jumps a few years ago, but a lot 
of subsidiary problems of engineering importance 
were raised, whose solution seems to be coming very 
slowly. Professor Moore, to whose efforts so much 
of the past progress is due, in characteristic fashion, 
raised a whole series of questions on endurance to 
which answers have not yet been forthcoming, at the 
“Symposium on Plastic Behavior of Metals” last fall, 


Bearing Metals 


New bearing metals have come on the scene, some 
of them bringing headaches to the oil men, others 
alleged to be better on this or that score, but who 
knows just what quantitatively measurable properties 
are wanted in a bearing, anyhow? We wish user 
engineers would give this more thought, just as we 
wish that structural engineers and the like would de- 
fine the amount of ductility and the kind of tough- 
ness they actually need in an alloy instead of demand- 
ing just the elongation they are used to specifying for 
some quite different alloy. 

While we are talking about other engineers ‘han 
metallurgical engineers, how about having the clec- 
trical engineer give us high frequency generators at 
low enough cost so that we can do more metallurvical 
stunts with inductive heating, and how about having 
the ceramic engineer supply refractories that will vive 
a decent life in rotary melting furnaces to be operated 
on steel, or even on really superheated cast iron? 


Gases in Metals 


Returning to metallurgical engineering, consider 
“gases in metals,” so commonly discussed. Aren’t we 
saying about the same things we said ten years ago, 
and in nearly as vague a fashion, without much more 
clear proof as to truth or falsity of the ideas? 

How about metallic resistors for high temperature 
work that don’t have to be babied in one way or an- 
other? 

Where is the solder to meet the temperature range 
half way between the soft solders and the silver 
solders? And for that matter, where are the tarnish- 
proof silver or copper alloys? Where are the high 
conductivity, high strength alloys that are cheap and 
readily cast and fabricated? 

A few months ago, we heard one of the best authori- 
ties on austenitic alloys discuss 18:8 and its close 
relatives. His talk was steadily interspersed with points 
which he listed as needing exhaustive study before 
facts could be brought out that would remove many 
phases of the topic from empiricism. And if anybody 
tried to give a similar talk on the heat-resisting alloys, 
such comment would be doubly true. 


(Continued on page 24) 
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by B. W. Gonser and $. Epstein 


Battelle Memorial Institute, Columbus, Ohio 


HE PRINTING INDUSTRY is the fifth largest 
ndustry in the country, the value of its product 
1933 amounting to over $1,500,000,000. It is a 

large user of metals both as structural material for 
its plants, printing presses, and other machinery, and 
as type metals, photoengravings, electrotypes, stereo- 
types, lithographic and gravure plates, and plate 
mounting bases. In the rapidly growing art of printing 
on tin plate, metal foil, and metallized paper, the 


printing surface is itself metallic. Metal powders are 
also {requently used in compounding for printing inks 
al isting, 

beauty, accuracy, and low cost of modern print- 
ink general, the remarkable beauty and fidelity of 
mt lor printing in particular, and the speed and 
fit ality of newspaper and magazine printing would 
be impossible without metals. Metallurgical develop- 


ments have aided greatly in attaining this status. Yet 
the average metallurgist knows very little about the 
printing industry and the average craftsman in the 
printing industry knows little about metallurgy, A 
better acquaintance should be of mutual interest and 


~ 


may help accelerate further advances. 

here are three general classes of printing—letter- 
press, where the printing areas are in relief; plano- 
graphic, where the printing and non-printing areas 
are relatively in the same plane; and intaglio, where 
th printing areas are below the surface. Offset 


lithography is the most widely used of the plano- 
graphic processes and gravure of the intaglio processes. 


LETTERPRESS PRINTING 


| ETTERPRESS printing is by far the most com- 

_monly used method. About 75 per cent of all the 
printing in the country, almost all newspaper printing, 
and the great majority of magazine printing is letter- 
press. I ype-matter is printed from raised letters, these 
peing composed” mainly by mechanical composing 
machines of which the linotype and monotype ma- 
chines are best known. Some type is still set by hand. 


Linotype 


As the name indicates, the linotype machine casts a 
ngle line of type at one time. The operator sits at 
: and as he presses a key a lever causes ‘a 
4SS matrix with the letter cut into its edge to be 
released from a magazine. The matrix is carried auto- 
—s to an assembly box, when the line is com- 
‘aad a lever is depressed which causes the matrices 
| Proper spacers) to be carried to a position in 
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front of the mold, behind which there is a pot of 
molten linotype metal. <A plunger in the metal pot 
then forces some of the molten metal against the face 
of the matrices. The resultant slug with the letters 
in relief is automatically trimmed for height and thick- 
ness prior to its being ejected onto a receiving galley. 
The matrices or small pieces of brass, varying in thick- 
ness with the width of the letter, are meanwhile auto- 
matically redistributed in the magazine. 

Nearly all newspapers are composed with linotype 
machines. As in a large portion of letter press print- 
ing, however, the large newspapers are not printed 
directly from the type (linotype). Instead the type is 
used only as a mold for stereotyping. In this process 
the type is molded into a paper composition mat, the 
full size of the newspaper page. This mat, in turn, 
acts as a mold in a suitable casting box in which molten 
stereotype metal is cast into a curved plate that may be 


Casting Unit of the Monotype Typesetting Machine De 
livering Type. (Courtesy Lanston Monotype Machine Co. 








readily attached to the surface of the cylinder of the 
printing press. The chief advantage of stereotyping 
is that a number of matrices may be made from the 
originally composed type and a number of stereotypes 
may be successfully cast from each mat. A number of 
presses may consequently print the same edition simul- 
taneously. It also offers the most rapid simple means 
of making curved plates for rotary printing.  LIllus- 
trations can be readily incorporated along with the 
type matter. 
Monotype 

The monotype process produces properly spaced 
individual type Two 
machines are used, the keyboard and the caster. As 


lines of characters. separate 
the operator depresses the keys on the keyboard, holes 
are punched into a strip of paper similar to a player 
piano roll. When the roll is completed, it is trans- 
ferred to the casting machine. In this machine the 
perforations on the paper roll control the mechanism 
which brings the respective matrices into position as 
a jet of metal is forced into the mold and the type is 
cast. 

While the monotype machine is not as speedy as 
the linotype, it is nevertheless very rapid; as many 
as 250 or more letters can be cast in minute. 
Higher quality printing can be done with monotype 
composition than with linotype. Still finer work can 
be done with hand set foundry type. For large editions 
it is not customary to print from the original type and 
duplicate printing plates are reproduced by the stereo- 
type process or by the electrotyping process which will 


one 


be.described. later. 
ary 


_. 


Hardening Steel Engraved Plates. 


- something similar. 


(Courtesy U. S. Bureau of Engraving and Printing) 


Photoengraving 


So far type matter only has been discussed. Coming 
to letter press illustrations, these can be divided into 
line etchings and half tones. For line etchings a relief 
printing surface is obtained, usually on zinc plates 
about 0.065 in. thick, by photochemically reproducing 
the pattern on a sensitized emulsion on the plate. In 
the ‘cold top” process, for example, the emulsion con- 
sists of shellac impregnated with bichromate salts or 
Parts exposed to light become in- 
soluble and remain unaffected, while the soluble por- 
tions are washed away (i.e. developed) with a suitable 
The zinc plate is then etched in about a 10 
per cent nitric acid solution so that the non-printing 


solvent. 


surface of the plate is etched away and the printing 
surfaces stand out in relief. In line etchings shading 
is obtained by varying the proximity and width of the 
lines. 

By another method of plate preparation, the “ink 
top” method, the zinc is coated with a film of bichro- 
mated glue and dried. A photographic print is then 
made on this surface through a negative. The entire 
surface is then inked with a special ink and the re- 


sultant surface developed by wiping off the ink covered 
soluble portions (unexposed areas) with a wad of 


cotton under a stream of water. The inked image 
remaining on the zinc is dusted with a powdered 
fusible resin (dragon’s blood) and heated unti! the 
resin fuses, thus forming an “acid resist’ over the 
image. 

This is, for.simple *black«and “white prifiting: ‘) onal 
gradations,.such as are present in,wash drawings and 


Finishing Engraved Plates. 
(Courtesy U. S. Bureau of Engraving and Prin‘ing) 
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photographs, are reproduced by the half-tone process 
an ingenious way of printing the various gradations 





to ‘n tone, from almost pure white to gray and black, 
ef with black ink. As is well known, a fine screen is 
es | ced for breaking up the tones in the original, The 
18 | image, photographed through the screen, is transferred 
In ‘o the metal plate as for line drawings. 
7 Note: Copper plates instead of zinc plates are used for half- 
. tone engravings (except where coarse screens are desired) ; 
a 4 ferric chloride solution is then used for etching. 
‘ie \fter etching, the relief printing surfaces, instead 
10 f being continuous lines, consist of dots which vary 
ize from the most minute pin points in the high- 
ve its of the original to larger dots in the middle tones 
ng nd solid black in the darkest portions of the picture. 
18 When the plate is printed, the difference between the 
he ‘ks and the light tones is due to the open spaces 
etween the dots; the dots stand out in relief and make 
nk e printed impression. 
bs 1e same principle is applied for color work. By 
en roperly combining the three primary colors and black, 
ire any secondary color may be reproduced. The yellow 
i= : ; produced by photographing through a blue 
ed 1e red plate through a green filter, and the blue 
of rough a red filter. As the negative for each 
ge | made, the half tone screen is rotated with 
ed 7) -eference to the vertical axis to avoid superimposing 
he he respective dots exactly-on each other. They are 
he so close to each other, however, that they give 
per color impression to the eye. When these 
ie 1es are printed in the respective colors and in 
ne 


register, they accurately reproduce in the re- 
picture the color tones represented in the 
|. This is the four-color process commonly used 

best color printing. 
beauty and remarkable fidelity obtained in 
letterpress printing in halftone and in color 
very largely on the etching of engraved plates. 
| isitivity of photochemical processes in repro- 


lucing detail and fine shadings on photographic paper 

frequent source of wonder, but we seldom stop to 
think that in letterpress printing these same delicate 
details, and exact color shades besides, are reproduced 


through the medium of etching metal plates with acid. 
The color etcher or “fine etcher” in the photo-engrav- 
ing industry is one of the most highly skilled modern 
workers with metal. The color separations by means 
of color filters are not perfect, and corrections have 
to be made by the etcher to obtain exact color repro- 
» ductions. The etcher does not work primarily for the 
} depth of the dot in the photoengraving plate, although 
} this also affects the printing quality. He works on the 
® ‘ize of the dot. By a remarkable feat of imagination 
® the etcher can visualize from the size of the dots as 
j viewed through a magnifying glass in the different 
| parts of the image on each of four copper plates, what 
the shade of the final print will be. He then adjusts 
the size of the dot accordingly by varying his etching 
procedure, or by burnishing. 
As in type matter, the photo-engraved plates are 
usually not printed direct except for pulling proofs 
and for short runs. Duplicate printing plates are made 


by electrotyping or stereotyping, most usually the 
former, , 
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Photo Litho Camera Room. 


The fwst step in mechanicall) 
transferring an image onto a lithographic printing plate is to photo- 
graph it. This negative may be photographed to obtain a positive 
for correction which is in turn photographed onto the final press on 
proof plate. (Courtesy U. S. Bureau of Engraving and Printing) 


LITHOGRAPHIC AND 
OFFSET PRINTING 


N lithography, the printing surface is a plane, as 
| compared to relief or intaglio printing, no raised 
or hollow portions being present. In the recently per- 
fected deep etched offset plates there is about 0.002 
in, difference in level between printing and non-print- 
ing areas. The design to be printed is photochemically 
transferred onto a printing plate whereby the exposed 
portions will take and retain a greasy ink. Other por- 
tions are kept free from ink by keeping them damp 
with water. As the inking roller comes into contact 
with the moistened plate in printing, ink readily ad- 
heres to the previously inked lines or image, but is 
rejected by the surface which is damp. The process 
consequently depends upon keeping the ink and water 
from mixing, that is, differential surface tension. 

As the name lithography implies, images were origi- 
nally hand drawn on stone—an art that required a lot 
of skill, patience and experience. Metal printing plates 
are now used almost exclusively. Zinc and aluminum 
sheet are both well adapted for this purpose since 
they are inexpensive, easily handled and readily curved 
around cylinders for rotary printing. Zinc is often 
preferred because it is cheaper and considered by 
some to hold the image better than aluminum. 

In preparing the plates for printing, the sheet metal 
is first “grained” by mechanical abrasion, such as by 
grinding or shaking with various abrasives (pumice- 
stone, emery, sand or flint) and steel, glass, wooden 
or porcelain marbles. This gives five or six times the 
original surface. The metal sheet is then sensitized, 
ready to receive the desired image by coating it with 
one of several different types of emulsions. Albumen, 
treated with ammonium bichromate, is quite commonly 
used, although bichromated glue, gum, and gelatine 
all have advantages for certain types of printing. The 
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Lithographed Tin Plate for Beer Cans. The rubber 
com position blanket is shown just above the tin plate. 
(Courtesy National Can Co.). 


Offset Printing on Metal. The upper roll carries a 
grained zinc sheet on which desired images have been 
developed. It prints onto a composition rubber roll carried 
by the center roll which in turn prints onto the tin plate 
that is being passed through the press. (Courtesy Na- 
tional Can Co.). 





image is usually mechanically transferred to the metal] 
plate by printing from a suitable photographic plate 
that has been corrected as to color and light values, 
(Transfer may be also effected by hand, using transfer 
paper. ) 

A greasy liquid developing ink is rolled carefully 
over the exposed plate and the whole washed with 
water, whereupon the ink remains on the exposed 
portions but is washed away with the soluble unex- 
posed emulsion. After a slight etching the prepared 
plate is ready for use. 

Most lithographic printing is done by the offset 
process rather than directly from the plates. In this 
method the image is first printed upon a steel cylinder 
covered by a rubber composition blanket. This in turn 
prints or “offsets” the image onto the material to be 
printed. 

The offset process can produce very beautiful results 
of ordinary half tone and of color work as well as of 
type, although type is not so sharply printed as in 
letterpress because of the rubber blanket and because 
the image is reproduced photographically instead of by 
mechanical molding. Offset printing is especially well 
adapted for printing on soft and so-called art papers 
and for large posters where photoengravings and elec 
trotypes would be more costly. For some other classes 
of work offset printing is cheaper than letterpress and 
the process has made heavy inroads upon letterpress 
printing, For the highest quality of printing, however, 
where sharp detail and accurate brilliant tone values 
and color reproduction are desired offset printing can 
not as yet compete with letterpress printing from elee- 
trotypes. For publications there is still much uncer 
tainty about offset printing and large periodica's cam 
not afford to take chances with it. 


Metal Lithography 


The printing and decoration of metals, especially 
of metal containers, is an important branch of lithog- 
raphy. Since sheet metal is too hard for printing by 
ordinary letterpress or by intaglio printing method 
without injuring the type, offset lithography has been 
used almost exclusively for this sort of printing. Re 
cently, the use of rubber plates in letter press work 
has opened possibilities in direct printing on shee 
metal with many of the advantages inherent in the 
letterpress method, but rubber plates are not yet & 
tensively used in this field. 

Lithographic decoration of metal differs from print 
ing on paper primarily in that the non-absorbent meta 
surface requires different drying conditions. Tw 
types of ink are used—one that is similar to that used 
on paper and a “process” or high temperature typ 
that becomes very hard on baking. It is normally ne 
essary to bake one printed color, for example, befor 
applying a second. Two color presses, i.e. two lithe 
graphing presses in tandem, are sometimes used {0 
metal decoration when the colors do not overlap bi 
it is sensitive work and not common practice. Ths 
paper lithographer deals principally in the prima 
colors and blacks. He can secure color effects by # 
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blending of colors much more easily than the mee : 


decorator. 
separate color in metal lithography. 


Until recently, each shade constituted ‘ i 
It had to 


: » - . 1° oan 
applied, the metal sheet baked for 10 or 15 mins “9 
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a temperature of about 220 to 250 deg. F., then an- 
other color applied. Thus, for some elaborate repro- 
ductions, 15 or more printing-baking cycles might be 
required, This has since been simplified to some ex- 
tent by process work using primary colors but even 
now the use of 10 or 12 tints on high grade work 
is not uncommon, 

Sheet metal is printed using the same general type 
of single lithographing press and offset blanket used 
in printing paper. Means are available for auto- 
matically feeding a sheet at a time, conveying it 
through the press then in an upright position through 
4 tunnel oven for baking. Speeds of 3,000 sheets an 

of tin plate, for example, are common. Clean, 
k sheets as well as tinplate, terne plate and similarly 
ed sheets are readily printed in colors as well as 
black and white. In general, any printing that can 
be done on paper can be favorably reproduced on 
metal although not always as simply or easily 
as in paper printing. With the exception of extruded 
tubes, printing is always done on the flat metal sheet 
fore forming. Usually the lithographed surface is 
ed and its beauty enhanced by coating it with a 

¢ varnish, 


‘> 


INTAGLIO PRINTING 
e intaglio process the printing characters are 
i or mechanically cut depressions below the 
of the plate. These depressions hold the ink 
rious tones are reproduced, not by varying the 
the hollows (as the size of the dots is varied 
r press and lithographic printing), but by vary- 
depth of the ink film they impart. Shadows 
are cut or etched most deeply hold the most 
in and lighter tones take ink proportionately. 


Copper and Steel Engraving 


Copper plate engraving and printing are one of the 
lest methods of reproducing an image. The depres- 
are often made by hand with an engraving tool 
and obviously require considerable skill. Drawings, 
photographs, ete. are frequently transferred to the 
plate by photographic means and may be etched, then 
tool finished. Since copper plates can be used to print 
only several hundred or at most a few thousand copies 
and hardening or plating them has not come into com- 
mon usage, for long runs the engraving is made on 
steel plates that are afterward hardened and sometimes 
chromium plated, 

»teel and copper engravings give an excellent clean 
cut, sharp reproduction that is considered to be the 
hinest type of printing. The method is limited to line 
work, however, and used largely in the black and 
white field or for some single color work. Although 
usually considered as being used only for wedding 
invitations and name cards, steel and copper plate 
and raised printing or die engraving are quite widely 
used in printing business as well as social stationery, 
paper currency, bank notes, bonds, certificates, postage 
and revenue stamps, and the like. A great advantage 
ot steel plate engravings for printing valuable papers 
is the difficulty of duplication. Lithography also com- 
petes in this field. 
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Gravure Printing 

Intaglio printing from a copper cylinder on which 
the illustrations or designs have been etched are com- 
monly designated as rotogravure, or rotary photo- 
gravure, From flat plates it is known as gravure. 
In reproducing a photograph for printing in this man- 
ner a screen is not required to break up the tone values. 
The copper or copper plated cylinders in rotogravure 
printing are etched with a series of uniform square 
cells for an entirely different purpose. During printing 
the cylinder is flooded with ink. The surplus ink must, 
therefore, be wiped from the relief non-printing areas. 
This is done by means of a thin steel knife (doctor 
blade), which leaves the margins clean and the cells 
filled with ink. If it were not for the uniform screen, 
therefore, the thin doctor blade would sink down and 
scoop out all the ink from the large dark printing 
areas called ‘‘solids.” The same copper surface is 
used for type, line, and half-tone, all of these being 
transferred photochemically, and all being broken up 
by the same cell formation. It is one of the drawbacks 
of rotogravure printing that this cell formation can be 
noticed at the margins of type. 

In transferring the image onto the copper cylinder 
for photogravure printing a transparent positive is 
first made and then a print on “carbon tissue” (paper 
coated with pigmented gelatine, sensitized with bichro 
mate) which is transferred onto the copper cylinder. 
The gelatine image of the “carbon tissue” 
more or less hard according to the light transmitted 
through the varying tones of the negative and thus 
holds back the ferric chloride etching solution so as 
to produce a varying depth. The use of the “carbon 
tissue” makes exact register for color work rather 
difficult. Photogravure also shares the disadvantage 
with lithography for color work that very little cor 
rection can be made on the printing plates themselves ; 
tonal corrections have to be made on the negatives. 
Very good results are obtainable by gravure printing, 
however, both in black and white and in a wide range 
of colors and there is widespread use of this method 
for printing Sunday newspaper supplements and for 
some magazine and job work. Very high speeds are 
obtainable on the continuous roll presses used, and 
long runs may be made. Chromium facing of roto- 
gravure cylinders and flat plates is frequently applied 
to obtain longer runs, (To be Continued ) 
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Rotary Stamp Printing Press, 170 Subjects. (Courtesy U.S. Bureau 


of Engraving and Printing). 
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E take pleasure in presenting a series of reminiscences, commencing with this iss ute 
luting the experience and career of a man who needs no introduction to many of our ri rs— 
Henry D. Hibbard. It has often been truly asserted that Dr. Albert Sauveur is the dean of 
American metallurgists. It can with equal appropriateness and truth be said that Mr, Hibbard 
is the dean of American practical steel men—men who for many years have been active in the 
actual production and study of steel making processes. Almost from the earliest days of the 
steel industry in this country, he has either been intimately connected with it or followed its de- 
velopment year by year. Hts reminiscences will more jully bear out these statements, 

For some years Mr. Hibbard has been, and still is, a consulting engineer from his home 
Plainfield, N. J. Born in Boston in 1856, he was graduated from M. I. T. in 1877. He has 
always been an active member of the A. I. M. and M. E. He delivered the Howe Memorial Lec- 
ture im 1928, taking as jis subject, “Significance of Simple Steel Analysts.” He 1s a member 
of the Legion of Honor of that organization, men who have been members for over 50 years 

Some years ago when, at the annual February meetings of the iron and steel division of the 
mining engineers, papers and discussions on live metallurgical topics and steel making problems 
were delivered by leading specialists and practical men—meetings which many of us remember 
as of outstanding merit and interest—Mr. Hibbard was a contributor not only of valuable 
papers on the manufacture and deoxidation of steel and on solid non-metallic inclusions, but also 


of wise counsel based on practical experience. He is still active in such matters. 


A review of such a career, in the form of reminiscences, we are sure will be of keen interest 
and value.—E. F. C. 
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Y FIRST CONTACT with iron metallurgy 

M occurred in 1869 when, with my brother and a 

cousin, older, who served as guide, I visited 

the plant of the Bay State Iron Co. in South Boston, 

Mass. It was indeed interesting and worthwhile even 

to me and also unforgettable, though details of the 

event are hazy. That company made puddled wrought 

iron, most of which, if not all, went into iron rails for 

railroads, The works were ably managed by Ralph 

Crooker, who was the first in this country, if not in 

the world, to roll 100 tons of rails on one mill in one 

day, which he did at the Bay State plant about the 
of my visit or soon after. 

ie thing I remember about that visit was being as- 

ed by the large sizes of the engines, as shown by 

ir cylinders, which drove the rolling mills. That 

nstrated the great power required for rolling 

s. Some steel-headed rails were made at this 

s, but they were not wholly satisfactory. In any 

e they would soon have been supplanted by all-steel 
rails of Bessemer steel which was fast winning its 
place, though I had not then heard of it. 

Mr. Crooker was, even in 1869, an old ironmaster. 
826 he rolled the flat iron rails for the first rail- 
| built in America. They were installed at the Quin- 

cy Granite quarry at Quincy, Mass. A part of that rail- 
road is still there with bronze tablets telling its story. 
The immediate need of the railroad was the transpor- 
tation to tidewater of the stone of which the Bunker 
Hill monument was built. 

Crooker made those rails of 1826 in a tide mill lo- 
cated on what is now a part of Beacon Street, Boston. 
[he power to drive the mill was supplied by tide 
water which flowed in and out of Back Bay, since then 
filled in and built over. That part of Beacon Street 
was called The Milldam by oldtimers even in my day. 
I well remember Back Bay through which the Boston 
& Providence R. R. ran on a fill. My home was in 
West Roxbury which was served by the Dedham 
branch of that railroad. 

In the year of my visit, 1869, or the next, the first 
successful Siemens-Martin  steel-melting furnace 
(open-hearth) in America was built at the Bay State 
Iron Co.’s plant. Its capacity was only five tons but, 
skillfully run by Archie Johnson as melter, it made 
marketable steel plates for boilers, rolled on a plate 
mill at the plant. In 1884-1885 I made steel at the 
Norway Iron & Steel Co. plant for that mill, of which 
more later. 

My second ferrous foray was in 1876 when, as a 
student at the Massachusetts Institute of Technology, 
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Steel Reminiscences—l 


by Henry D. Hibbard 


I visited with a classmate, the Bessemer steel plant of 
the Albany & Rensselaer Iron Co., at Troy, N. Y. 
There, for the first time, I saw steel made—a wonder- 
ful experience. As I remember, the steel made there 
all went into rails. When I first entered the steel busi- 
ness in 1879, this plant was one of eleven Bessemer 
steel works in this country. They all chiefly made 
rails, though some made other products also, which 
they classed as special steels. The Troy works were 
managed by the late Robert W. Hunt. In common with 
most eastern steel makers, this concern succumbed 
later to the competition of Lake ores and cheap coal of 
the west. 

After leaving Troy we went to Port Henry, N. Y., 
and visited some of the iron mines there. Some of the 
ore went to the Troy works. In the mines we saw great 
faces of magnetite being worked. That was my first 
time underground in a metal mine, though I had been 
in a coal mine at South Joggins, Nova Scotia. 

My first practical experience with iron metallurgy 
was at the Massachusetts Institute of Technology in 
1878. The professor of metallurgy wanted to see if 
we could make iron in a little brick shaft furnace 
which was installed in the metallurgical laboratory. 
It was blown by a fan blower. The time was after | 
had been graduated but J helped in the trial as a vol- 
unteer. With Takuma Dan, a Japanese student of the 
Class of ’78, I was assigned to do the charging which 
was done from a platform some feet above the gen- 
eral laboratory floor. Hence our experience came first 

The furnace was started and tapped once or twice 
but only one small pig of iron was obtained. The pro- 
fessor concluded that the shaft was too short—that 
the height of the charge was not enough for the iron 
to be reduced to metal before it reached the fusion 
zone. So the ore was melted only partly reduced. 

After the furnace had been running a while, per- 
haps an hour or two, Dan walked off to one side and 
sat down on a box. I asked him why and he said that 
he didn’t feel well. Then I began to feel queer, too. 
So I went down and told the professor how we felt 
and just then he noticed that he was not normal either. 
He knew what was the matter and said that the air 
was fouled by the furnace gases and that the trial 
weuld have to stop. The blast was taken off the fur- 
nace forthwith. Ventilation of the room was inade- 
quate. Carbon monoxide manifestly escaped through 
the charging door, which was on the side of the shaft, 
and poisoned the air. That night I had the worst head- 
ache I ever had but the next day I was about normal. 

(Continued on page 28) 
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PREPARATION OF HIGH PURITY 
usually involves treatment of the iron in 
rogen at a high temperature to remove vari- 
ements present as impurities, notably carbon, 
| and nitrogen. This requires a furnace which 
suffiicently large capacity and which is at the 
time designed to minimize contamination of the 
Che handling capacity is determined partly by 
ze of the furnace and partly by the temperature 
























of operation—the higher the temperature, the greater 
he output since the high temperature increases the 
rate of diffusion and hence reduces the time required 


for each treatment. The use of a high temperature, 
however, makes it very easy for contamination to oc- 
cur, especially contamination with silicon, carried from 
refractories to the iron by the hydrogen. 


Yescription of the Furnace 


_ A furnace has been designed and used to treat iron 
n hydrogen in 3 to 5-lb. batches at temperatures up 
to 1450 deg. C. In this furnace there are no refractor- 
les in the specimen chamber ; a sketch in cross-section 
appears in the illustration. The heating element, which 
s also the specimen chamber, consists of two concen- 
tric Armco iron tubes, A and B, which are joined 
mechanically and electrically at the bottom by the 
veld, C. Toward the upper end these tubes are spaced 
at D with a ring of asbestos board and sealed at E 
vith a rubber gasket between copper flanges brazed 
0 the tubes. The tubes are thus insulated electrically at 
athe Points D and E. A 10 K.V.A. transformer, F, 
paving a single turn secondary, supplies the low-volt- 
ge, high-current power to heat the tube assembly 
prrough its Own resistence. The current passes through 
3 ‘avy copper bars to the water-cooled copper blocks, 
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inghouse Electric & Mfg. Co., East Pittsburgh, Respectively 


G and H, which are clamped tightly to the machined 
surfaces of the two tubes. The tube assembly is placed 
in a steel can, I, and is fastened by bolting the flange, 
J, to the top of the can with an asbestos gasket seal. 
An aloxite brick wall, K, and granulated sil-o-cel, L, 
constitute the thermal insulation. The tube assembly 
can be replaced when necessary without disturbing the 
remainder of the furnace. One such assembly has been 
operated for a total of 16 weeks at temperatures above 
1400 deg. C. 

The specimens, M, are fitted into a neat bundle with- 
out touching each other by inserting them into drilled 
iron plates and are suspended in the inner tube from 
a water-cooled holder, N, in such a way that they are 
free to swing so that no considerable force can be ex- 
erted by the specimens on the tube wall in case of mis- 
alignment. Tiny pieces of pure magnesia are attached 
to the edges of these plates to prevent them from stick- 
ing to the walls of the chamber. 


Measuring the Temperature 


Provision is made for measuring the temperature 
with an optical pyrometer, by sighting on the bottom 
of the specimen assembly, O, through the prism, P, 
the glass window, Q, and the hollow tube, R. This tem- 
perature measurement has never been quite satisfac- 
tory because of the difficulty in achieving black-body 
conditions; iron in hydrogen at these high tempera- 
tures has a high emissivity. The use of an iron disc 
with a small hole placed above the specimen assembly 
to serve as a radiation screen has helped considerably. 
Experience in operating the furnace has provided an 
upper safe limit to the apparent operating temperature. 
This temperature is at least 50 deg. C. above the A, 
point of the specimen (as judged from the first appear- 
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ance of 8-grain boundary off-setting, a quite character- 
istic phenomenon), which places the operating temper- 
ature between 1400 and 1450 deg. C. and probably 
higher. This is high enough for quite rapid hydrogen 
purification. 

The temperature is controlled by varying the out- 
put voltage of the transformer between an upper and 
a lower limit by means of a resistance in series with 
the primary. This resistance is shunted out when the 
temperature drops by a relay system actuated by a 
potentiometer-pyrometer. A tungsten-molybdenum 
thermocouple, S, has proved to be very dependable and 
generally satisfactory. It is usually broken in removing 
it cold from the furnace, but the technique of hot 
twisting and re-welding has been developed to the 
point where it is quite easy to make a new hot junc- 
tion. The couple has never failed while the furnace 
was hot. 


99.97 percent iron (very conservatively it is at leag 
99.9% pure), which is quite satisfactory considering 
the size of the bars. By using thin sheets and lower 
temperatures, other members of the staff of the Metali 
Research Laboratory have treated iron from the san, 
source and achieved a considerably greater degree oj 
purity.’ 
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The hydrogen used is made oxygen-free and dry by 
passing it over heated platinized asbestos and activated 
alumina. It enters the specimen chamber at T, and 
passes through holes, U, at the bottom of the inside 
tube, into the space between the two tubes. It leaves 
the tube assembly at V and is then passed into the out- 
er part of the can at W. It is finally expelled at X. 
A lead ring furnishes the seal where the water-cooled 
top is bolted to the inside iron tube at Y. The hydro- 
gen, it is seen, does not pass over any hot refractories 
before coming in contact with the specimens. Since 
the entire furnace is gas-tight, there is little risk of an 
explosion, provided reasonable care is exercised in 
handling the hydrogen. Before filling the can with hy- 
drogen the air is pumped out and as long as the fur- 
nace is warm a good stream of hydrogen is main- 
tained, with a pressure in the can of at least 2 in. of 
water to insure no infiltration of air. 


Some Actual Results 


Using this equipment, % in. diameter round bars of 
carbonyl iron treated for about four weeks have had 
carbon and oxygen reduced to amounts below the 
limit of quantitative analysis, with no appreciable in- 
crease in silicon content. The treatment has resulted, 
however, in an increase in copper and manganese, with 
the copper going as high (in spots) as 0.03 percent, 
and the manganese to between 0.01 and 0.02 percent. 
In the original carbonyl iron, copper and manganese 
are very low. It is thought that this contamination 
arises from the fact that the tube assembly, which is 
also the reaction chamber, and the rods which support 
the specimens are made of commercial ingot iron. 
Nevertheless, the middle part of each bar is probably 
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staffs of the United States Bureau of Standards ani) 


the Bell Telephone Research Laboratories who pety” 
formed the chemical analyses discussed. oi 
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Member of the Staff of the Metals Research Labora- 
Lecturer in the Metallurgy Depart- 


and 
ment, Carnegie Institute of Technology, Pittsburgh 


WO RATHER EXTENSIVE X-ray investiga- 
tions of fatigue in metals have recently been carried 
out independently and concurrently. The author, 
ith the cooperation of the X-ray and Fatigue Com- 
mittees of the American Society for Testing Materials, 
condu-ied a research at the Carnegie Institute of Tech- 
nolog \t the National Physical Laboratory in Eng- 
land ly was made by Gough and Wood?. 
Ce xperiments reported in these papers are 
dirt nparable, and in these cases generally similar 
con is were reached, There is one question, how- 


m evel ‘st importance from the practical standpoint, 
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the investigations lead to different con- 
his is the question of the effect on X-ray dif- 
atterns of applying alternating stresses that 
mately lead to fracture. 
nd Wood? concluded that with alternating 
gue tests, X-ray diffraction patterns are es- 
unchanged by stressing in the safe range, but 
ptly when the stress passes into the unsafe 
e grains break down and the diffraction pat- 
altered. Similarly, with alternating direct 
(tension and compression) they concluded 
at 11 the mean stress is zero, stressing in the safe 
range causes no change in structure that influences ap- 
preciably the nature of the X-ray spots, while stressing 
in the unsafe range alters the spots distinctly. Experi- 


» ments in which the mean stress was not zero and the 
) superior stress of the cycle was maintained at a con- 
»» stant value which exceeded the yield point, indicated 

; that in the safe range of stress there is no progressive 


hange after any initial change that occurs at the first 
application of the load, while in the unsafe range 
changes proceed to a degree dependent on the rapidity 
with which failure is approaching. 

he author,’ studying rotating beam specimens after 
stressing, concluded that alternating stresses in the safe 
range below the endurance limit produce changes in 
the diffraction patterns that are often of considerable 
prominence. Experiments were not undertaken to 
show whether these changes occurred only with the 
first application of the load or whether they were pro- 
gressive changes, but it was emphasized that the nature 
of the changes in the safe range is the same as in the 


JANUARY, 1937 


STATIC STRESSING 


unsafe range, and that there is a gradual (not a dis- 
continuous) increase in the degree of the changes as 
the stress level increases from one range into the other 
—at least when a large number of stress reversals has 
occurred. It was inferred from these results that the 
patterns do not register the damage to the material and 
do not permit a direct X-ray diagnosis of ultimate 
failure from fatigue. Any X-ray test to reveal actual 
damage in service or to predict probable life of a 
stressed component of a machine or a structure would 
be possible only if it were based on a comparison of 
patterns from the material in service with patterns 
from the same material stressed under laboratory con- 
ditions. 

The practical importance of this point justified, it 
was felt, the additional fatigue experiments reported 
and discussed in the present paper, which were carried 
out using a special X-ray technique that is thought to 
be particularly useful for the purpose. These confirmed 
the author’s previous conclusions, In the discussion 
is given a summary of numerous other experiments 
that are directly related to the problem and that also 
confirm the author’s conclusions. A comparative study 
of grains that have been strained in tension is also 
presented, 


The Method Previously Used 


OTH investigations referred to above used the same 

type of X-ray camera, a “back reflection” instru- 
ment in which a pinhole beam of X-rays is passed 
through a hole in the flat film, strikes a small area on 
the specimen, and is then diffracted back to the film at 
a high diffraction angle. Specimen and film are held 
stationary and individual grains of the specimen re- 
flect the characteristic X-rays to form a ring of spots 
on the film. An estimate is made of the amount of 
blurring of these spots brought about by different stress 
conditions. 

This method offers the advantage of yielding clear 
patterns with a short exposure, does not require the de- 
struction of the specimen and does not require a speci- 
men of special shape. A disadvantage of the method, 
however, is that it surveys a very limited number of 
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Fig. 1. X-Ray Diffraction Camera with 
Specimen and Film Oscillating Together. 


grains—only those grains so oriented as to reflect the 
characteristic X-rays to some point on the Debye rings. 
In the fatigue studies in question, only one or two 
rings of about an inch in diameter were used, In such 
cases it is necessary to avoid as much as possible the 
overcrowding of the rings with spots, for this causes 
spots to overlap and become confused. On the 
other hand it is necessary to avoid having too few re- 
flections to indicate the average condition of the grains. 
While the number of spots is under control by varying 
the size of the area struck by the X-ray beam, a suit- 
able adjustment that avoids these extremes is not al- 
ways reached and the sensitivity of the test is lowered 
thereby. 

Gough and Wood have given a formula by which 
the change in orientation of a reflecting plane may be 
calculated from the elongation of a spot. The formula 
applies, however, only to the elongation in the direc- 
tion of the circumference of the Debye ring, and shows 
only one component of the distortion of a grain—the 
one that corresponds to the widening of a spot in the 
peripheral direction. A more complete picture of the 
nature and amount of the distortion or “dislocation” 
of a grain is desirable. 





Fig. 2. Stereographic Projection Showing Areas Charted 
in Figs. 3, 4 and 5. 
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An Oscillating Film Method 


HE method introduced below is considered to be an 

improvement over the stationary film technique be ~ 
cause it replaces the Debye ring with a band of con” 
siderable width and thus permits a large numbe 
of spots to be registered without overcrowding, ] 
is, in effect, a method by which a series of diffraction 
rings are laid side by side, each being taken with: 
slightly different position of the specimen. The data 
from a band of diffraction rings can be plotted ona 
stereographic projection to form a “pole fis ire’ 
Ordinarily a pole figure is plotted by preparing a - eries 
of photograms of the stationary type, with the _ peci- 
men rotated a few degrees between each, but the pres. 
ent problem is more conveniently handled \Dy a 
camera®*,* in which the film and specimen are mo unted 
on the same carriage and oscillated together thrc igha 
small range of angles as indicated in Fig. 1. T! - film 
exposed in this way is then itself a portion of | pole 
figure (somewhat distorted) and reveals the spr .ding 
of spots in all directions. 

It has the further advantage of indicating, th ough 
the relative density of the different portions of . dis 7 
torted spot, the fraction of a grain having any given 


et oe eee 


orientation. Comparing this oscillating film method F 
with the Laue method, it will be noted that the c ensity| 
distribution in a distorted Laue spot (an “asterism” 
streak) is altered by the intensity distribution in the 
general radiation spectrum and by the efficiency of the” 
photographic emulsion for the different wavele ngths,” 
whereas in the present method the whole picture is} 
formed by X-rays of constant intensity and wave} 
length. With the method employing monochromatty 
radiation with stationary specimen and film, each spoty 
may be described as a section through the correspond} 
ing Laue streak, while the camera of Fig. 1 provides 
effectively a continuous series of adjacent sections) 
through these striae, revealing their true distribution®) 
Or, stated in terms of a pole figure, the stationary filmy 
technique reveals the density along the circumference)” 
of a circle (the reflection circle), on the pole figureey 
and the oscillating film arrangement of Fig. 1, oe 
sweeping the reflection circle over the projection, Te 
veals the density distribution over an area, 

Most of the patterns of the oscillating type presented é€ 
in this paper are taken under conditions where the 
doublet is so close that it may be regarded as a singh) 
spot. This simplifies the interpretation of the patterns 
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Figs. 3,4 and 5. 


Charts for Interpreting Patterns Obtained With the Camera of Fig. 1. 


























a Fig. 3. For Fe Ka (110) 
e reflections from ferrite (0 
A J d 
gare 221,°) 
a r 
F Fig. 4. For Fe Ka (222 
° . reflections from aluminum 
55.9° 
ot 
— .* a . 7 Pa 
Bad Fig. 5. For Fe Ka (400) 
reflections from aluminum 
(@ 73.0°) 





Fig. 5 


Ruled with 2-deg. Intervals. 
& 


Scaled to fit Figs. 7 to 10. 


Charts for the Oscillating Film Method 


it is possible to transfer each of the spots on a film 
exposed as in Fig. 1 to a stereographic projection and 
thus to draw a pole figure showing the “preferred 
rientation” for a reflecting grain. A more convenient 
procedure, however, is the reverse, the mapping of 
latitude and longitude lines from the stereographic 
projection upon the film or upon a chart to be super- 
imposed on the film. The angular spread of each spot 
may then be estimated directly by eye. 

Charts for this purpose are presented in Figs. 3, 4 
and 5. They are drawn for a cylindrical camera whose 
radius is indicated by the dimension R, or for a film 
enlarged the amount that would be necessary to bring 
the camera radius up to this dimension. The charts 
are drawn with the equatorial line (perpendicular to 
the axis of rotation) as the dot-dash center line, the 
lines of constant latitude as the horizontal curves and 
the meridians of constant longitude as vertical curves. 
Both latitude and longitude lines are drawn at 2 deg. 
intervals. The charts and oscillating film patterns in 


JANUARY, 1937 





this paper are printed at the same magnification, and 
may be directly compared. To make the charts more 
generally useful, however, they were made to cover 
oscillations up to 10 deg., whereas the X-ray patterns 
shown here were produced with only a 5 deg. oscilla- 
tion of film and specimen. 

The charts were constructed by the following graph- 
ical method: On an accurate stereographic net the re- 
flection circles were drawn for Fe Ka radiation re- 
flecting from (110) planes of Fe (6 = 28% deg.) 
and from (222) and (400) planes of Al (@ = 55.9 
deg., 73.0 deg.) respectively. One reflection circle was 
drawn for each of these planes with its center in the 
center of the net, as shown in Fig. 2. Each reflection 
circle was then rotated 2, 4, 6, 8, and 10 deg. in turn 
and plotted, (only the first and last appear in Fig. 2). 
Areas on the stereographic projection that were en- 
closed in this series of reflection circles and that were 
needed in the interpretation of the films—the black 
areas in the figure—were then mapped to form the 
charts of Figs. 3, 4 and 5. 
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To do this, radial lines were drawn at 2 deg. inter- 
vals on the stereographic projection; the intersections 
of these with a given reflection circle were mapped as 
points on a Debye ring after the manner used by Wil- 
son® in constructing charts for X-ray orientation work, 
the angles around a Debye ring being Wilson’s 
angle a. Since each successive 2 deg. rotation of the film 
shifts the Debye ring on the film, a series of these De- 
dye ring coordinate points was laid down, each ring of 
points displaced appropriately from the first in the 
equatorial direction, Finally, the latitude and longitude 
lines of the film chart were drawn through these co- 
ordinate points to correspond with the manner in which 
the latitude and longitude lines on the stereographic net 
pass through the intersection points of the reflection 
circles and radial lines. 

Different charts are required, of course, for each 
combination of wavelength and reflecting plane; Fig. 3 
is for Fe Ka radiation on Fe (110) planes, and Figs. 4 
and 5 for Fe Ka on Al (222) and (400) planes re- 
spectively. Copied on transparent film and super- 
imposed on the X-ray patterns, these charts enable an 
immediate estimation of the distortion of reflecting 
planes of a grain in terms of angular displacement. 
It will be seen from the charts that areas having an 
angular spread of 2 deg. in latitude by 2 deg. in long- 
itude are almost equiaxed in the neighborhood of the 
equator but that they are somewhat elongated at the 
extremities of the charts. This is reflected in the X-ray 
patterns as a tendency of spots to elongate into streaks 
when they occur at positions removed from the 
equator. It is interesting to note, however, that the 
distortion of the nets in Figs. 3, 4 and 5 is very much 
smaller than the distortion of corresponding nets used 
with the Laue method. 


Note: Nets for the Laue method have been published by 
J. Leonhardt, Zeitschrift fiir Kristallographte, Vol. 61, 1925, 
page 100; these and E. Schiebold’s nets are reproduced in 
“Internationale Tabellen fiir Bestimmung von Kristallstruc- 
turen,”’ Vol. 2, Bortraeger, Berlin, 1935, pages 633-637. 


Fig. 6 is a reproduction of a film obtained on the 
apparatus sketched in Fig. 1. The four strongest 
bands of spots are, from left to right, (110), (100), 
(211) and (220) reflections of Fe Ka from a rod of 
Armco iron recrystallized at 950 deg. C. for 5 minutes. 
The background fog in this type of photogram is 
relatively greater than in one taken with a stationary 
film because the exposure times are longer, and with 
some materials only the lower order reflections retain 
enough contrast, after deformation, to be useful. 
Therefore, only those bands showing clearly the struc- 
ture of the spots have been reproduced. These are en- 
larged to a size to fit the charts and to show more 
clearly the details of the spots. 


Fig. 6. Type of Pattern Obtained with Camera of Fig. 1. 
Recrystallized Armco specimen. 


Note: The radius of the film was 44.6 mm., the pinholes 
were 4% mm. and 1 mm. in diameter, respectively, and were 
separated 80 mm. The exposures were made on a tube operat- 
ing self-rectifying at 35 kilovolts, with care taken to have -he 
pinholes filled with radiation. Exposure times varied from 4 
to 12 hrs. at 10 to 20 milliamperes. The Fe target was fre- 
quently cleaned to minimize general radiation. 


Application of the Method 
To Fatigue Specimens 


T HE effect on the grains of cold work from fatigue 
. stressing at different stress amplitudes is shown by 
the following series of photograms made with the oscil- 
lating film arrangement of Fig. 1. The specimens were 
of the R. R. Moore rotating beam type, and after 
stressing were etched to a sufficient depth to remove 
the cold work introduced by machining in the prepara- 
tion of the specimen. A portion of the surface at 
maximum stress is compared, in each case, with a por- 
tion of the surface of the same specimen near the 
grips, where the stress amplitude is much lower (re- 
duced in the ratio of the cubes of the specimen di- 
ameters in the two places). 

In Fig. 7 are reproduced patterns from a structural 
silicon steel whose endurance limit is 47,000 Ibs. per 
sq. in., and whose yield point is 66,700 lbs. per sq. in. 


Note: The analysis of the specimen was as follows: 
C 0.36, Mn 0.77, Si 0.34, P 0.047, S 0.040 per cent. The 
S-N curve is given in the author’s earlier paper (See refer- 
ence 2). This sample and the others used in this study were 
stressed 1 to 3 yrs. prior to the X-ray study. 


On the left (Fig. 7a) is the pattern from a point 
that had been stressed approximately 30,000 Ibs. per 
sq. in, and on the right (Fig. 7b) is the pattern fron 
the point under maximum stress, 48,000, (just abx 
the endurance limit) representing the condition of 
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Fig. 7. Patterns from Broken Fatigue Specimen 
Structural Silicon Steel. Fe Ka (110) reflections. 


(b) Stressed slightly ab 
the endurance limit for 
987,100 Cycles. 
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(a) Unstressed area. 
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the metal 2 mm. frum the fracture, which occurred 
after 2,987,100 cycles. Every spot in the maximum 
stress pattern appears to have been distorted to some 
extent, and a large number have been blurred so much 
that their overlapping has produced a nearly con- 
tinuous darkening in the band. 

Fig. 8 is a study of the cold work produced by 
stressing below the endurance limit. The specimen was 
an annealed plain carbon steel containing 0.85 per cent 
carbon, with mechanical properties as follows: Endur- 
ance limit 34,500 lbs. per sq, in., proportional limit 21,- 
000, yield point 36,500, tensile strength 85,000 Ibs. per 
sq. in., elongation 36 per cent, and reduction in area 
61.6 per cent. At the left is shown the pattern from a 
point near the grips, stressed at 21,000 Ibs. and at the 
right the pattern from the area under maximum stress, 
33,500 Ibs. per square in., after the specimen had with- 
stood 18,000,000 cycles without breaking and after the 
surface layers, disturbed by machining, had been etched 
away. Figs. 8 and 9 may be compared with related 
patterns, made with stationary specimen and film, that 
have been reproduced in the earlier paper.’ 

As in the preceding figure, spots are seen which have 
become blurred or elongated in one or more directions. 
The large proportion of the spots thus distorted— 
roughly a third—is evidence of a considerable amount 
of cold work below the endurance limit. 

An even more pronounced example of distortion of 
“rains when stressed in the safe range of stresses is 
shown in Fig. 9. The specimen in this case was of an- 

iealed commercial aluminum, 2S-0, with a yield point 
‘f 3,150 Ibs., an endurance limit of 5,000 Ibs. per sq. in., 
nd a composition of 99.2 per cent Al, with minor im- 
urities of Cu, Si and Fe. The stressing was done in 
rotating beam fatigue machine of the R. R. Moore 
. Patterns are reproduced for (a) a portion of 


lig. 8. Patterns from Annealed Steel Fatigue Specimen 
(0.85% C) After It Had Withstood 18,000,000 Cycles. 


(a) Area at (hb) Area stressed just 
low stress level. below endurance limit. 
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Fig. 9. Patterns from Aluminum (2S-O) Fatigue S pec- 
imen After It Had Withstood 505,000,000 Cycles. Fe Ka 
(222) and (400) reflections. 


(a) Unstressed area. 
(b) Stressed at 3,500 p.s.i. (below endurance limit). 
(c) Stressed at 4,000 p.s.i. (below endurance limit). 
















the specimen at zero stress, prepared by sectioning, 
polishing, and etching the specimen and exposing the 
point at the center of the cross section; (b) a portion 
of the etched outer surface that had been stressed at 
3,500 Ibs. per sq. in., and (c) the central point on the 
etched outer surface where the maximum stress had 
been 4,000 lbs, per sq. in. The specimen had with- 
stood 505,000,000 cycles without failing. Practically 
100 per cent of the grains have become distorted here 
without leading to a failure. 


An Application to Static Stressing 


HE progressive changes in the diffraction pattern 

with increasing elongation in tension are shown in 
Fig. 10. <A recrystallized Armco iron rod % in. in 
diameter was pulled in a tensile machine to the total 
elongations given in the figure, measured on a 2 in, 
gage length; the specimen was removed from the 
machine and mounted on a special jig in the X-ray 
camera after each successive elongation. Reflections 
from identical grains were registered in the first two 
films of this series, but in subsequent exposures the 
beam struck areas slightly displaced from each other 
and the films do not show identical reflections. 

The similarity of the 0.25 per cent elongation pat- 
tern with the 0 per cent pattern is due to the phenom- 
enon of Hartmann (Liuders) lines: The particular spot 
struck by the X-ray-beam did not lie within an area 
undergoing deformation and forming a Liiders’ line.® 
A progressively increasing spreading of the spots is 
shown, the spots becoming less dense as a consequence 
of their covering greater areas on the film, and over- 





Fig. 10. Patterns from Recrystallized Armco After Successive Elongations in Tension as Indicated. Fe Ka (110) reflectio 





lapping with neighboring spots to build up a nearly 
continuous background. (The 3.3 per cent film is ab- 
normally black in comparison with the others because 
of a longer exposure time.) Details of the structure 
of the spots will be discussed later. 

As an illustration of the points mentioned above in 
the discussion of X-ray methods, Fig. 11 is presented, 
showing the effect of these elongations on the Debye 
rings formed with stationary film and specimen. The 
Same specimen, pinholes, camera and radiation were 
used as before, but with the carriage clamped in one 
position. A relatively small number of spots appear, 
and these spread only around the Debye ring because 
of the small divergence of the primary X-ray beam. 
They indicate that only a small proportion of the spots 
are distorted at 1.8 and 3.3 per cent elongation, and 
that practically all are distorted at 6 and 10 per cent. 

The radial widening of Debye lines from cold 
work is a matter of considerable interest, since it 
signifies a distorted lattice in which either the micro- 
scopic internal stresses are large, or the lattice is 
fragmented into crystallites so small (10° o1 
smaller) as to lack resolving power for the X-ray beam. 
A series of photograms, Fig. 12, showing the line wid- 
ening vs. per cent elongation was therefore taken for 
comparison with Figs. 10 and 11. A common criterion 
for line width, the state of resolution of the Ka doublet, 
was used. This dictated the choice of a set of reflec- 
tions occurring at high diffraction angles where the di 
persion is large, and a slight oscillation of the specim« 
during the exposure to permit a given grain to refle 
both components of the doublet. The photograms were 
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made on a stationary cylindrical film with Fe Ka 
radiation reflecting from the (220) planes. It will be 
seen that the blurring of the doublet begins to appear 
in some grains at 3.3 per cent elongation, spreads to 
most of the grains after a stretch of 6 per cent and 
includes all the grains by the time the elongation has 


reached 10 per cent. 


Discussion 


Deformation of grains in fatigue: X-ray studies 
of the oscillating film type as well as the previously 
reported stationary film studies* ? fail to reveal any 
difference in the mechanism of deformation of grains 
whether the deformation is brought about by fatigue 
stressing in the safe range or the unsafe range or by 
static loading. The deformation results in all cases in 
4 rotation of parts of a grain with respect to each 
other about a single axis or, more generally, about sev- 
eral axes in an approximately random manner, The 
range of orientation increases with the stress level in 
fatigue stressing and with the elongation in the tensile 
stressing, gradually reaching a state in which there is 
insufficient material of any given orientation to give a 

rong X-ray reflection to a limited spot on the film. 

n view of these results there can be no question 

that the X-ray patterns reveal a distortion of the 
tal lattice by plastic flow of the metal along slip 
nes, and that on the average the distortion is prac- 
ally the same as in the static case. It is known™* 
that slip bands formed by fatigue tend to appear wider 
in those from static loading, but this appearance is 
‘o the tendency of lines to group more closely to- 
ecther in fatigue than in static loading so that high 
onification is required to resolve the numerous com- 
ents of what appears to be a single line at low mag- 
nification®. If such differences in distribution of planes 
of slip bring about differences in the microscopic or 
microscopic distortion of the grains, the X-ray ex- 
periments have failed to show them. 

strictly speaking, however, this conclusion applies 
nly to the average conditions in a polycrystalline ma- 
terial, in which the slip interference at grain boundaries 
plays an important part, and in which slip in many 
grains must have occurred on two or more slip planes 
in the lattice. There still remains the possibility that, 
in tests with single crystal specimens so artanged as 
to avoid the disturbing influences of grain boundaries 
and duplex slip, the X-ray would reveal some differ- 
ences between static and fatigue tests in their distor- 
tion of the grains. 

That slip takes place during fatigue tests in the safe 
range of stress as well as in the unsafe has been shown 
in numerous other ways. Slip lines appearing on a 
polished surface have often been observed during 
stressing in the safe range.1° Gough has emphasized 
the similar appearance of the lines irrespective of the 
stress at which they form. Internal stresses such as 
are produced by quenching have been shown to be 
relieved by applying alternating stresses with ampli- 
tudes in the safe range 11, 12, an event that definitely 
points to plastic flow, since it occurs at temperatures 
well below those at which recovery or recrystallization 
would be anticipated, Stressing under the endurance 
limit also produces other indications of cold work in 
some materials. For example, the indentation hard- 
ness of a stressed specimen is increased in some in- 
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Fig. 11. 
film) for Same Experiment as Fig. 10. 


stances just as it is above the endurance limit}, 1*; the 
endurance limit is raised in some materials!®; and in 
many cases during the initial stages of stressing the 
specimen is heated more than can be accounted for 
unless mechanical hysteresis from plastic flow is as- 
sumed. 

With general agreement among workers that slip 
frequently occurs in the safe range and may be recog- 
nized by numerous methods such as those listed above, 
it is pertinent to inquire as to the sensitivity by which 
it is recognized in the X-ray method compared with 
the other methods. The principal limitation of the 
X-ray method is that it is suitable only for annealed 
materials'. While the available data are rather too 
meager for an exact comparison, a study of the litera- 
ture gives one the impression that in this class of 
materials the X-ray is more sensitive to flow than 
some of the methods and less sensitive than others. 
“Heat bursts,’—transient evolution of heat during the 
early stages of cycling—might well have indicated 
flow where Gough and Wood’s diffraction patterns 
failed to give clear evidence of it. This is suggested 
by the fact that Gough and Wood failed to find any 
progressive effect after the first cycle of loading (un- 
less the range of stresses was above the endurance 
limit) whereas wide hysteresis loops and marked heat 
evolution have been found for hundreds of thousands 
of cycles or in some cases for millions of cycles in the 
safe range of stresses. 

In any event the question is not one of prime im- 
portance in practice, for once it is accepted that the 
X-ray diffraction is to be correlated with cold work 
rather than with spreading cracks or other progres- 
sive damage (and there now seems every reason 
to believe that it should be thus classified), the X-ray 
must take its place with all other tests of the same 
category. With materials that are cold worked ap- 
preciably by fatigue at and below the endurance limit 
a test based soiely on the X-ray would probably be in 
error “on the safe side,” underestimating the endur- 
ance properties of the material, while in materials. 
where failure can occur with little or no evidence of 
cold work,”® the X-ray would tend to overestimate 
the endurance of the material, just as the other related 
tests would. 
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Ordinary Debye Patterns (stationary specimen and 
Fe Ka (110) reflections. 











Fig. 12. High Angle Diffrac- 
tion Lines Showing Progressive 
Widening with Elongation in the 
Same Experiment as Fig. 10. 
Fe Ka (220) reflection [also 
Fe KB (310) faintly shown. 


1.8% 


Deformation of grains in the tensile test: Gough 
and Wood? have come to the conclusion, by studying 
the spreading of spots on their stationary film back 
reflection photograms, that either static or dynamic 
stressing produces three effects: 

1. Dislocation of normally perfect grains into parts 

tilted 2 deg. or less from the original orientation. 

2. Formation of crystallites of 104 to 10° cms. in 

size with a wider orientation divergence. 

3. Presence of lattice distortion such as to produce 

radial line widening. 

On the basis of the photograms shown in the present 
paper, there appears little justification for distinguish- 
ing process (1) from (2). Judging by Figs. 9 and 10, 
for example, the distortion of a grain proceeds by a 
reorienting of the parts with respect to each other by 
bending or perhaps by fragmenting. The range of 
orientation increases continuously with the increasing 
severity of the cold work and does not appear to be 
limited at any stage to 2 deg. While there are few 
spots to be seen that correspond to ranges of as much 
as 5 deg. in these figures, it must be pointed out that 
the greater the area covered by a spot the weaker it 
must appear; highly distorted spots are not seen as 
entities but merely serve to increase the background 
darkening. In consequence of the overlapping of spots 
the background becomes more and more continuous 
as increasing numbers of the spots contribute to it. 

There seems no need for postulating that grains first 
tend to break into a few large fragments slightly tilted 
with respect to each other, then in some other way to 
fragment into 10~‘ cm. crystallites with greater orienta 
tion divergence. On the contrary there is more reason 
to expect a gradual spreading of spots, if one considers 
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the numerous experiments on the deformation of sinzle 
crystals, for in the vicinity of the slip planes local ro- 
tation occurs that increases gradually with the amount 
of shear *+*" and, in addition, increased bending «nd 
buckling result from slip interference at the gvain 
boundaries.***45 Inasmuch as the average grain de- 
forms by slip on several slip systems and is itself <ur- 
rounded by several grains slipping in various w.ys, 
the axes of bending or rotation must be numerous, 
spreading the X-ray reflections in more than one di 
tion, as a rule. 

Gough and Wood? seem inclined to the view that 
fracture under static stressing is associated with a 
limiting amount of dislocation and lattice distortion. 
It should be pointed out, perhaps, that this statement 
cannot be extended to different materials, to a given 
material after different heat treatments, or to different 


CC 


conditions of loading or to different temperatures of | 


deformation. That is, the amount of reorienting of 
grains and the amount of line widening that comes 
about before fracture are influenced by the numerous 


factors that influence the stress-strain curve of a ma- | 


terial. Ludwig and Scheu’s experiments*® have been 
among the most conclusive with respect to line width. 


(A review of the experiments and controversies on 7 


the subject has been included in the earlier paper.’) 


They have shown that the line width at fracture is dif- 7 j 


ferent with different types of loading and prior heat 


treatment, and that the width at a brittle fracture also le 


differs from the width at a ductile fracture. 
One interesting experiment showed that an aif- 
hardened steel gave wider lines in the unloaded state 


than the same steel did when annealed and then loaded 


to the breaking point. Neither can a definite amount 
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of rotation of grains be assigned to a fracture stage. 
This follows from the fact that the development of a 
referred orientation in a deformed piece is directly 
related to the amount of elongation or reduction in 
cross section that has occurred in the deformation 
process. In the tensile test, for example, there is much 
less opportunity for a well defined preferred orienta- 
tion to develop before failure than there is in the case 
of rolling or wire drawing. 

While the experiments reported here are incapable 
of adding much to the present knowledge of the crys- 
tallographic nature of the slip process or the mecha- 
nism of generating preferred orientations, a few points 
should be discussed. The spots do not show a tendency 
o elongate preferentially toward the nearest intensity 
maximum that would appear on a photogram showing 
the equilibrium preferred orientation for the tensile 
deformation. This is in accord with the fact that in 
the tensile structure there are actually an infinite 
number of orientations in which a grain should be in 
equilibrium. In consequence, a given spot in the dif- 


fraction pattern might move in almost any direction 
and yet be caused by reflection from a grain whose 
lattice was rotating toward one of the equilibrium 


ntations. 
comparison of Figs. 10, 11 and 12 suggests that 
widening is going on simultaneously with the 
‘ntation process, increasing as the reorientation 
proceeds, rather than following after an advanced 
: of the breaking up of the grains as is concluded 
ough and Wood?. This implies that coincident 
‘ spreading in orientation of parts of a grain, 
is either an elastic bending of lamellae (micro- 
ally distributed internal stresses) or a reduction 


of the grain to crystallites smaller than 10~° with in- 
sufficient resolving power to give sharp lines. It re- 
mains uncertain which of these factors is to be re- 
garded as the major contributor to the increased line 
width. (The question is discussed and references 
given elsewhere.*' ) 


Summary 


ONSIDERABLE plastic flow can occur by fatigue 

stressing in the safe range of stresses under the 
endurance limit, This was concluded from X-ray photo- 
grams previously published by the author and is con- 
firmed by the present series, made with a different 
type of camera in which the specimen and film are 
oscillated in synchronism. It is contrary to the con- 
clusions of Gough and Wood, but is in accord with 
the results of other methods that detect plastic flow 
during fatigue stressing. 

Charts are presented by which films of the oscillat- 
ing type may be interpreted in terms of the range of 
orientation of portions of a grain. The photograms 
indicate that the lattice of a polycrystalline grain is 
progressively distorted into wider ranges of orientation 
when it is subjected to increasing elongation in tension 
or increasing stress amplitude in fatigue, and that the 
diffraction lines simultaneously become wider. 
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Austenite Transformation, 


AT CONSTANT TEMPERATURE 


A Contribution from the Research Laboratory 
United States Steel Corp., Kearny, N. J. 


OR A STEEL OF EUTECTOID composition 

there is a characteristic equilibrium temperature 

(the so-called Ae; point in pure iron-carbon al- 

loys) above which the steel will remain for an indefi- 
nite time in the austenitic state, and below which the 
austenite is unstable and tends to transform. When 
however a steel, previously rendered austenitic, is held 
at a constant temperature level below this limiting 
temperature, the transformation is not instantaneous 
but requires for its onset and for its completion defi- 
nite periods which are characteristic, for a given steel, 
of the temperature level at which the steel is being 
held. 

The most convenient way to depict what happens 
is by a temperature-time diagram with a logarithmic 
time scale, for the process requires periods ranging 
from a second or less to a month or more, depending 
upon the temperature level at which the steel is held 
and upon the composition of the steel. Such a dia- 
gram was constructed, on the basis of experimental 
ebservation of the rate of transformation of a eutec- 
toid steel at a series of constant temperature levels, 
on a large scale (the original being about 6 ft. by 
4 ft.) and embellished with micrographs, at an origi- 
nal magnification of 2500 diameters, showing the 
structure of the products of the transformation at 
various temperatures; this is reproduced, on a scale 
about one-third the original, in the large illustration 
accompanying this general description and brief dis- 
cussion of the diagram. 

On this diagram there are, at any temperature level 
below the characteristic equilibrium temperature, three 
time zones: 

(1) that in which the austenite, though unstable, per- 
sists as it has not yet begun to transform; this zone, 
which lies above and to the left of the left-hand 
curve, is marked by an idealized austenite structure; 

(2) that in which the transformation proceeds, at 
constant temperature, to completion—the shaded band 
between the two S-shaped curves; 

(3) that in which transformation is complete, and 
the structure and properties of the treated steel defi- 
nitely set; this lies to the right of the right-hand 
curve. 

The micrographs between the pair of curves show 
the structure, (against a martensite light background) 
characteristic of the temperature level, of what has 
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transformed when the transformation has gone half- 
way; those to the right the corresponding structure 
when transformation is complete. The series of mi- 
crographs illustrate how change in actual transforma- 
tion temperature brings about a graded difference in 
structure of the finished product, hence of its prop- 
erties as shown by the hardness numbers (both in 
3rinell and in Rockwell C units) which appear be- 
side the corresponding micrograph. 

There are two temperature ranges within which 
the transformation is rapid, one in the vicinity of 
1000 to 1100 deg. F., the other below about 200 deg. 
F.; and two ranges within which the transformation 
is slow, one at temperature levels just under the 
equilibrium temperature, the other between about 7 00 
and 250 deg. F. In other words, by choice of the tem- 
perature level, the steel may be caused to transform 
very rapidly or quite slowly; and the resulting str:c- 
ture—that is, the mode of dispersion and distributio: of 
the products (ferrite and carbide) of the reaction- —is 
definitely characteristic of the temperature level { ro- 
vided that the steel is held there long enough to per- 
mit it to transform completely at that level. 

At the highest temperatures, the product consists of 
coarse lamellae of ferrite and carbide; at lower tem- 
perature levels the pearlite becomes progressively finer 
until at about 1000 deg. F., when the transformation 
is fastest, it is practically unresolvable even with the 
highest power lens. 


acteristic of temperatures somewhat higher. At tem- 
perature levels below about 100 deg. F. the reaction is 


a different one and is sapid; the carbide is now not © 


precipitated at all, but is retained in the unstable, 
supersaturated, solid solution called martensite. 


The general form of the curve representing the zone | 
of transformation is the same for all steels hitherto | 
investigated, the level of fastest transformation appat- | 


ently being not more than about 300 deg. F. below 
the temperature at which the austenite ceases to be 
stable. But the position of the curve on the time 
scale depends markedly upon the composition of the 
steel. Any alloying element (including carbon) which 
can be put in solution in austenite delays the onset of 
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At lower temperature levels, 9 
where the transformation is less rapid, ‘the ferrite: 7 
carbide product has a needle-like or acicular form, as 
contrasted with the rosette-like or nodular form char- 7 






1A 



















































-ransformation and retards its progress, thus displac- 
ing the pair of curves to the right. Moreover, the 
effect of an alloying element is quite specific, as indi- 
cated by the following data on the period required for 
the.onset of transformation at the temperature level 
at which this period is a minimum, for a series all 
containing about 0.50 per cent carbon and another ele- 
ment as noted: 


0.5% manganese less than 1 second 
1.0 manganese about 1 second 
2.0 manganese about 10 second 
4.0 manganese about 400 second 
4.0 nickel about 2 second 
13.0 chromium about 300 second 


The occurrence of the transformation is also influ- 
enced by the austenite grain size, other things being 
equal, larger grain size always retarding the process. 
For instance, for a single steel which had previously 
been heated to different temperatures in order to estab- 
lish a series of grain-sizes, the minimum period re- 
quired for half-way transformation was about 2 sec. 
for grain size 8 to 9, 3 sec. for size 7 to 8, 10 
sec. for size 4 to 5, and 15 sec. for size 2 to 3. Such 
differences, and the specific effect of alloying elements, 
raise many questions which will not be answered ex- 
ept by systematic investigations of the process and 
nechanism of the crystalline transformation of steels; 
ve shall therefore not discuss them here. 


The Significance of Constant Tem- 
perature Transformation Rate to 
Heat-Treating Practice 


If we plot a cooling curve for a specimen cooled 
from a temperature at which its austenite is stable, 
and superimpose on the diagram a series of such 
continuous cooling curves, they will intersect the curve 
representing the onset of transformation somewhat as 
shown in Fig, 2. 


Note: The curve for onset of transformation with falling 
temperature is not strictly identical with our experimental 
‘urve which is for a series of constant temperature levels: 
ut the difference is slight and can generally be neglected 


n practice. 

Very slow cooling results in transformation largely 
at relatively high temperatures within which range the 
product is coarse pearlite of comparatively low 
strength and hardness and of high ductility. The 
faster the rate of cooling the more the transformation 
is depressed to a lower and lower temperature range, 
and consequently the product is of the finer pearlitic 
type of higher hardness and strength and lower duc- 
tility. At some cooling rate the continuous cooling 
curve fails to intersect the upper portion of the S- 
shaped curve, and in that case the steel will transform 
to hard martensite when, in its continued cooling, it 
reaches the lower region of high transformation rate 
near room temperature. Thus we see at once why 
carbon steel has to be cooled rapidly (quenched) in 
order to harden it; such cooling for hardening must 
be drastic enough to clear the upper region of rapid 
transformation near 1000 deg. F. if transformation 
to the softer pearlitic structures is to be prevented. 

At intermediate rates of cooling the transformation 
vill occur partly within the higher temperature range 

pearlite and partly in the lower range to martensite; 
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this is commonly referred to as the “split” transfor- 
mation. This condition is always encountered in the 
quenching of heavier sections in which the surface 
hardens fully to martensite while the core transforms 
to the softer pearlitic products, because of the un- 
avoidably slower cooling of the interior; in the inter- 
mediate zone between the hardened surface and the 
soft core, mixtures of martensite and fine pearlite will 
be formed as the result of the “split” transformation 
at intermediate cooling rates prevailing there. In any 
ordinary cooling schedule the conditions bringing about 
transformation within the range 950 to 300 deg. F. 
will not be encountered. In order to get such struc- 
tures the steel must be rapidly cooled to the desired 
temperature level, and then be held there long enough 
for the transformation to progress to completion. Car- 
bon steel, heat-treated in this manner, possesses a 
rather unusual combination of ductility, strength, hard- 
ness and resistance to fatigue; this mode-of heat treat- 
ment has been discussed elsewhere. 

Since an alloying element displaces the transforma- 
tion curve to the right, it follows that, for a given 
cooling rate through the appropriate Ae; temperature, 
an alloy steel will actually transform at a lower tem- 
perature than a carbon steel, and therefore have the 
properties corresponding to that lower transformation 
temperature. Indeed we may state that if a group of 
low-alloy steels of the same carbon content are all 
made to transform completely at a single constant 
temperature, the resultant structures will be very simi- 
lar and the products will differ but little in properties 
from one another. The fact that an alloying element 
does, by delaying the transformation, bring about a 
lower temperature of transformation under usual heat- 
treating schedules, accounts for the higher hardenabil- 
ity of alloy-bearing steels. Moreover this delay, par- 
ticularly in the temperature zone of fastest transfor- 
mation, permits a rate of cooling of an alloy steel 
which could not be used on a carbon steel without 
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bringing about transformation to a softer pearlite 
product; stated in another way, the alloy steel hardens 
more deeply—that is, it can, at a given cooling rate, 
be hardened through a heavier cross section than is 
feasible with a carbon steel. Similar remarks apply 
to the influence of its austenitic grain size upon tk: 
hardenability of a steel. 


Experimental Procedure 


The general procedure used to secure the data em- 
bodied in the diagram follows: 


A small specimen of the steel, rendered completely 
austenitic, is plunged rapidly into a liquid bath of high 
heat abstracting power (a lead or lead alloy or salt 
bath), maintained at one of the constant temperature 
levels, held there for a definite period to permit the 
transformation to progress, and then immediately 
quenched in cold water or brine to fix for subsequent 
observation the condition of the steel at that instant. 
The specimen must be small enough, and the transfer 
from the high temperature rapid enough, to ensure that 
the specimen reaches the temperature level of transfor- 
mation while still completely austenitic; if during this 
cooling transformation does set in, the purpose is de- 
feated. The length of time each specimen is held in the 
liquid bath is chosen so as to provide a series of speci- 
mens covering the range from untransformed to com- 
pletely transformed. The austenite still untransformed is 
by the quench immediately converted to martensite; that 
which has transformed therefore appears as a darker 
etching constituent against a lighter martensitic back- 
ground, and appropriate microscopic technique enables 
one to estimate the extent of transformation in each 
specimen, From these observations, made at a series 
of temperature levels of the liquid bath, curves show- 
ing the progress of transformation with elapsed time 
at each temperature level are drawn, and these, in turn, 
are summarized in the S-shaped curve. The progress 
of the transformation may also be followed directly by 
use of an appropriate dilatometer, or of a solenoid to 
estimate the amount of magnetic iron formed; the re- 
sults are in accord with those derived from observation 
of the series of quenched specimens under the mi- 
croscope. 


Conclusion 


The phenomena summarized on the time-tempera- 
ture diagram of the type illustrated are of fundamen- 
tal significance to the whole subject of the heat treat- 


ment of steels, whether plain carbon or ordinary alloy 
steels. The general form of the curve is the same for 
all steels yet investigated in this way, but there are 
significant differences in the position of the curve on 
the time scale and minor differences on the tempera- 
ture scale. The ordinary alloying elements all retard 
the transformation process under comparable condi- 
tions, manganese being especially effective; indeed 
this retardation appears to be the principal way 
through which an alloying element affects the mechan- 
ical properties of a steel. A thorough understanding 
of the influence of temperature and time upon the 
transformation phenomena is thus of great practical 
importance; and this type of diagram serves greatly to 
clarify the interpretation and correlation of data re- 
lating to the heat treatment characteristics of steels, 
for it enables us to disentangle the effects of tempera- 
ture and time in the complex results of different and 
variable cooling rates on the structure and properties 
of the finished steel in pieces of different and variable 
cross-section. 

The investigations, the results of which are summar- 
ized in this diagram for a single steel, are the work of 
many members of the laboratory staff, extending over 
a period of years; further details and discussion may 
be found in the papers listed below. The large dia- 
gram was prepared by J. G. Zimmerman; the micro- 
graphs are the work of J. R. Vilella; and the photo- 
graphic reproduction is due to G. E. Guellich. 
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Some Real Progress 


It is a fact that some real progress has been made 
in many lines in 1936, better stuff is being made and 
less hooey about either old or new stuff can be gotten 
away with, but even so, January is no time to sit back 
with folded hands and smug complacency to contem- 
plate what a swell job we metallurgists as a class did 
last year. There are lots of unsolved problems, many 
of them truly pressing, and instead of the job of solv- 
ing them having come to any sort of a stopping place, 
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WHAT HASN’T BEEN ACCOM 





IN 1936 


(Continued from page 2) 


PLISHED 


or our knowledge being complete, it would seem that 
1936 has made even more clear that what we know 
and utilize is but the tiniest fraction of what we ought 
to find out and utilize. 

In 1946 and 1956 won’t the comments on the re- 
markable advances of 1936 be rather amusing to read? 
Much that we now think is true and important won't 
be so then, and many problems now unsuspected, will 
be the center of interest. So perhaps we might well 
do a bit of thinking about the problems we didn’t solve 
or didn’t even tackle in 1936. 
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In connection with the method of scoop sampling 
of molten brass and bronze described in our article on 
pages 261 and 262 of the October, 1936, issue of 
METALS AND ALLoys, some details of a modification we 
are now using, may be of interest. 

These modifications are introduced to avoid chilling 
the melt to be sampled by the introduction of a cold 
scoop, and to force the cooling of the sample so as 
to give the least possible chance for escape of gas 
trom the melt prior to solidification. 

_ in our present practice, the carborundum scoop is 
first preheated in an electric resistor furnace run 150 
degrees F. below the temperature at which the metal is 
to be sampled. Two pots of the metal to be studied 
are melted at the time in two similar gas-fired fur- 
maces run as nearly alike as possible. One of these 
serves merely as a further preheater and a wash for 


the tube, which is immersed in the melt some 15 min. 
prior to the actual sampling. 


When the sample is to be taken, the scoop, now 
Shemp to the full temperature of the melt, is taken 
rom the preheating pot, dumped and at once plunged 
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The Sequence of the Various Operations. 


a Scoop Sam ple Taken 
As Described. 


SCOOP SAMPLING OF MOLTEN BRASS 


into the test pot. This insures the scoop being very 
close to the desired temperature and guards against 
chilling of the test melt. 

The scoop is then raised so that the excess metal 
runs out of the side hole and a copper plug, previously 
chilled by dry ice is lowered on to the surface of the 
metal in the scoop. The scoop is then withdrawn and 
plunged into mercury, cooled almost to its freezing 
point by dry ice. 

The chilling of the top surface and the chilling of 
the whole in the cold mercury which immediately 
follows hinders the escape of gas and inclusions, and 
also causes the shrinkage cavity to be mostly internal. 
The size and shape of the shrink cavity and the ap- 
pearance of the alloy in its fractured segments may 
then be studied. No attempt is made to save the scoop 
as the rough chilling treatment weakens its strength 
somewhat. Fig. 1 shows the sequence of operations. 
Fig 2 shows the etched cross section, full size, of a 
scoop sample so taken. 


L. Kroitit, E. A, ANperson, and F. E. Batt, 
Dallas Division, Revere Copper & Brass, Inc. 
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Dr. William 


Howe Professor of Metallurgy at Columbia 
University, died on the morning of Decem- 
ber 16, 1936, at the age of sixty. That his 
health was uncertain during the past ten 
years was known to his many former students 
and his wide circle of friends; nevertheless, 
they will all be profoundly shocked at his 
sudden death. 

Professor Campbell’s many honors and dis- 
tinctions have been listed in appropriate places, 
“American Men of Science,” “Who’s Who in 
\merica,” etc., and need not be repeated here. 

A brilliant student under Sir Roberts-Austen 
and H. M. Howe, and an able successor to the 
latter at the Columbia School of Mines, he 
exerted a profound influence on the develop- 
ment of physical metallurgy in this country 
since the turn of the century. 

As an inspiring teacher he will be remem- 
bered by many hundreds of students. As a 
research worker his list of publications is 
long. As a practical and practising metal- 
lurgist his directive influence was felt in many 
industries, in the United States Navy in which 


Campbell 


he held the rank of Commander in the Naval 
Reserve Force, and in his work, continuous 
since 1908, as Chairman of the important Com- 
mittee B-2 on Non-ferrous Metals and Alloys 
of the A.S.T.M. 

It is impressive to realize that in his own 
lifetime, from student to eminent authority, 
Professor Campbell saw almost if not quite 
the whole of the development of scientific 
metallurgy as we understand the term today, 
including the development of our fundamental 
instruments, thé thermocouple and ‘optical 
pyrometers and the microscope. There are 
but few such men left. Metallurgy thus ap- 
proaches the end of an epoch. In Professor 
Campbell’s death both the art and the science 
lose one who played an important part in de- 
veloping metallurgical tradition. His survivors 
and successors in the field will, however, prefer 
to offer a more personal tribute, to say with 
deepest respect that metallurgy has lost one 
of its grand old men. 

—Edward F. Kern and Eric R. Jette. 
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Chemical Laboratory, Cutler-Hammer, Inc., Milwaukee, Wts. 


3 TRANSPARENT MATERIAL which has been 
: developed only recently has been adapted to the 
mounting of small metallurgical specimens and has 
proved to be more satisfactory for most purposes than 
either fusible alloys or bakelite. Originally in the 
form of powdered resin it becomes, under temperature 
and pressure, as transparent as glass and is tough, 
hard, resistant to the action of etching reagents, and 
adheres excellently to the specimens. It eliminates 
ithe differential etching action that frequently takes 
vi lace when specimens are mounted in a fusible alloy 
| it also permits examination of the very edge of 
specimen, The edges of specimens mounted in 
| : metal will be rounded off and cannot be examined. 
a iis material has, in fact, all of the advantages of a 
elite mounting as well as those added by its trans- 

ncy. 

he hydraulic press used for bakelite mounting can 

ised with this material. The procedure is similar 

‘pt that a slightly higher temperature and pressure 

quired. The transparent mounting is especially 

‘ul when an electrolytic etch of a small specimen 

desired. It is rather difficult to connect the speci- 

to the line when only a flat section is available, 

ith this type of mounting it is easy to mould the 
nector into the mounting and then remove a por- 
of it for making the connections to the electric 
iit, 

\ piece of copper wire is connected to the speci- 
men and the other end is arranged in a flat coil and 
placed so that it is at the surface of the mounting 
opposite the specimen. After the mounting is com- 
pleted, a saw cut is made just under the wire and 
the coil can then be removed and unwound. Two 
specimens can be connected in the same mounting 
almost as easily as one. It is often necessary to locate 
a certain section under the microscope, such as the 


Top View of 


Another Top View of 
l'ransparent Mounting. 


Trans parent Mounting. 
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Transparent Mounting 





FOR MICROSECTIONS 


cross section of a broken weld. This is facilitated by 
the transparent mounting because the surface of the 
piece is visible as well as the cross-section. 

When it is necessary to polish and examine a differ- 
ent cross section of the piece under observation, a 
transparent mounting makes it possible to saw the 
mounting and specimen exactly as desired because the 
progress of the saw blade through the mounting can 
be followed. The fact that the entire specimen is in 


' full view makes identification of the pieces easier than 


if mounted in an opaque material. Identification num- 
bers can be placed on the specimens themselves. 

The molding powder is methyl methacrylate and is 
sold under the trade name of “Pontalite’”” by the Du- 
Pont Viscoloid Co. The mounting procedure is sim- 
ilar to that used in mounting specimens in bakelite. 
The amount of powder used is equal to the desired 
size of the finished mounting plus a one-third allow- 
ance for shrinkage. After the specimens and powder 
have been put in the mold, it is placed in the press 
and the resistance heater surrounding the mold is 
turned on. The pressure is raised to 4000 lbs. per 
sq. in. and kept at that figure until the temperature 
has reached 120 degrees C. As the heating progresses 
the pressure will tend to increase. A small amount 
of oil must be released from the pressure side of the 
press, from time to time, to keep from exceeding this 
pressure. The temperature is then lowered to 85 de- 
grees C, while the mold is still in the press under 
substantially the same pressure. This is necessary be- 
cause Pontalite is thermo-plastic. After the mold has 
reached 85 degrees C., it can be taken out of the press 
and the mounting removed. 

The writer wishes to express his indebtedness to 
E. A. Giard for originally suggesting this adaptation 
of Pontalite, and for his helpful advice in developing 
the mounting technique. 


Side View Showing 
Specimen at Bottom and 
Coil of Wire on Top. 


Wire Uncoiled and 
Specimen Ready for Elec- 
trolytic Etch. 
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(Continued from page 9) 


The next time I saw Dan was at Yokohama in 1929 
where I had gone to attend the World Engineering 
Congress, initiated and sponsored by the Japanese gov- 
ernment. Dan and some other Technology men came 
to welcome us. We talked of the “suffocation incident” 
as he called it, of 51 years before. Dan was then man- 
aging director of Mitsui & Co. and one of the impor- 
tant men of Japan. A few years later he was murdered 
by a Japanese militarist, presumably because he stood 
for peace with the world. 

Before working at steel, I had a year as chemist with 
the Providence Gas Co. which I have never regretted 
because of the knowledge of gas I gained there. I had 
one experience there which shook my faith in the uni- 
versality of the diffusion of gases as laid down in the 
books. A gas-holder, about full of gas, was held for 
months without receiving any more gas but was con- 
tinually delivering a little for consumption, which was 





of course drawn from the bottom. The gas drawn out 
steadily deteriorated in quality. Its candle-power fell 
while its specific gravity increased and its nitrogen 
and carbon dioxide (CO) contents, both inert impuri- 
ties, rose. Then, after some weeks, or perhaps months, 
gas from that holder became better. Its illuminating 
power rose while its specific gravity and percentage of 
nitrogen and COs fell. Then it dawned upon me that 
stratification or settling of the gases in that holder had 
taken place; that the heavier nitrogen and carbonic 
acid had settled to the bottom to some extent, making 
the gas there heavier and lowering its candle-power. 
Then, when the gas so enriched with the heavier ingre- 
dients had been drawn out, that remaining showed bet- 
ter quality as described. 

At the end of 1879, I left the gas company to engage 
as chemist for the Nashua Iron & Steel Co. at Nashua, 
N. H. 

(To be Continued ) 





THE MARSH BUGGY 


Described as the “world’s most unusual convey- 
ance,” the marsh buggy can travel on both land 
and water. It has a marine license and is more of 
a boat than an auto. It has been built by the 
Gulf Research & Development Co. for the Gulf 
Oil Corp—a conveyance which can carry geo- 
physicists and surveyors over marsh or terrain not 
traversible by boat or automobile. 

The buggy is 22 ft. 6 in. overall, 11 ft. 8 in. 
wide, and weighs 7,500 lbs. unloaded. It is de- 
signed to carry 1,000 lbs. 
accomplished by using aluminum and stainless 
steel alloys.. Of the 7,500 lbs., 3,000 lbs. are 
aluminum. It receives its buoyancy from its rub- 
ber tires, 10 ft. in dia. and 334 in. across. It 
is now in successful operation. 


Saving on weight was 


28 


METALS AND ALLOYS 





ae 


ea 
























































2 ioe 





Silver Alloys as Brazing Materials 


FOR SPUDS IN TANK CONSTRUCTION 


by H. A. Folgner 


Handy & Harman, New York 


tively new low temperature brazing alloys 
containing silver has produced such remarkable 
sults that the procedure followed in using them is 
il worth reviewing in detail for its value on other 
pplications where conditions are similar. 

[It is a well known fact that the mounting of pipe 
ves or boiler spuds to which piping is connected 
nong the most troublesome jobs in tank and boile~ 
truction. In the language of the trade, the terir 
|” is used to denote a pipe flange which is mount. 

a boiler or tank shell. 


A RECENT APPLICATION of the compara- 


»nditions a Spud Must Meet 


pipe flange or spud, free from leaks, must be at- 
tached to the boiler or tank shell, and stand up under 
the pulsating effects of the system and also have suf- 
mechanical strength to withstand the extreme 
strain to which it may be subjected when piping is 
being made up. Often it is impossible to determine 
in advance whether or not the above requirements 
have been met until the boiler is in place and has been 
tested. Then, because of the position of the boiler 
spuds, it is very costly and difficult to make repairs. 
When it is considered that a range boiler or storage 
tank has from two to five pipe connections, each re- 
quiring a spud or flange, the increase in production 
costs caused by faulty spuds becomes an important 
item. To eliminate this costly difficulty, the leading 
non-ferrous manufacturers of storage tanks and range 
boilers, in conjunction with a well known manufac- 
turer of silver brazing alloys, have worked out a pro- 
cedure which is simple and economical in application 
and gives uniformly reliable results. 


Procedure Generally Followed 


The general procedure followed is to insert a washer 
or ring of silver brazing alloy between the spud and 
the boiler shell and to clamp the entire assembly tight- 
ly in a jig as shown in Fig. 2. Heating the spud and 
the surrounding metal with a torch flame to the proper 
heat causes the silver brazing alloy to flow evenly, 


bonding the two metal parts together making a strong, 
leakproof joint. 
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Fig. 1. Whitehead Monel Metal Hot 
Water Storage Tank With Three Silver 
Brazed Spuds. 
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Fig. 2. Sim ple Jig in Brazing Position. 


This method of brazing spuds to boilers, with sil- 
ver brazing alloys, has been used by some manufac- 
turers for over two years, and it has proven to be 
most economical and far superior to any other method 
developed for this type of work. 


Existing Brazing Methods Compared 


A comparison of existing methods shows why this 
new procedure is proving so successful. One of the 
widely used methods of attaching pipe to tanks and 
boilers is to use a fitting commonly known as a boiler 
tapping. For mechanical strength, this fitting relies 
upon a lock nut which is tightened up from the inside of 
the boiler shell and clamps the boiler tapping and shell 
together. This joint is then soldered with soft solder. 
The lock nut and threads are completely covered, some 
solder flowing between the tapping and boiler shell to 
make it tight. 

This method of mounting works well with galvan- 
ized iron tanks but has never been successful on non- 
ferrous boilers. Under the effect of the pulsation or 
breathing of the boiler, the soft solder cracks and 
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Fig. 3. The Strength of Silver 
ized from the Distortion Shown in This Test Specimen. The spud 
itself was hammered and bent without a break in the brazed joint. 
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Brazed Joints Can Be Visual- 


causes leaks. With galvanized iron, there is always 
the possibility that these cracks will rust tight in a 
very short time. However, with non-ferrous boilers 
this is not the case for, after soft solder cracks around 
a spud, it must be resoldered. This cannot be done 
from the inside, but must be repaired on the outer 
surface of the shell which is very difficult to do. Due 
to the limited strength of this method, when a joint 
is being made up, the boiler tapping quite often is 
loosened by the strain to which it is subjected, there- 
by causing a leak. 

In their efforts to eliminate these difficulties, manu- 
facturers have used hard solders in the form of com- 
mon spelter. These solders, while they give strong 
joints, are not ideal. The higher temperatures re- 
quired for their use are likely to change or damage the 
metals or alloys which are joined. They are also some- 
times brittle, and fail under heavy stress and shock. 

The fabrication of boilers by welding has increased 
steadily and there are many types of weldable coppers 
which are being used. This has proved an economical 
method of fabricating and has worked satisfactorily 
except where spuds are to be mounted. It has been 
impossible to make sure that a welded spud is water- 
tight until the whole tank has been completed and 
tested and then it is rather difficult to make repairs. 
Often a second welding results in a brittle joint which 
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is a most undersirable feature. Under the pulsation 
of the boiler, it has been found that repaired joints 
crack open quite frequently. 

Some manufacturers consider this a most serious 
objection and place their boilers under a very severe 
pulsation test to make absolutely certain that the joint 
is not brittle and, therefore, will not crack in service. 
The pulsation of a boiler, which occurs every time a 
faucet is opened or closed in a system, must be care- 
fully considered and every precaution must be taken 
to prevent destruction of joints. A boiler can be 
strengthened by re-enforcing rings on the inside but 
the pulsating effect on the spuds cannot be eliminated, 
particularly when mounted on the boiler shell. 

The use of silver brazing allovs to mount spuds has 
been tested most thoroughly and the reasons for their 
superiority over existing methods may be better ap- 
preciated by considering the physical properties of 
these alloys and their method of application. They 
are remarkably resistant to fatigue from bending, 
vibration, shock and temperature changes. (see Fig. 3) 
thereby lending themselves well to the requirements of 
this work. 





Two Types of Silver Brazing Alloys 


Two types of silver alloys, one flowing freely at 
1300 deg. F. and the other at 1175 deg. F., have been 
widely adopted for this type of work. The alloy flow- 
ing at 1300 deg. F. is patented and intended for braz 
ing non-ferrous metals only. Its composition is: 

Copper 80 per cent 

Silver 15 per cent 

Phosphorus 5 per cent 
and its starts to melt at 1185 deg. F., being free flow 
ing at 1300 deg. F. The brazing alloy, flowing at 
1175 deg. F., is particularly suited to joining stafn 
less steel, Monel metal, nickel and its alloys, copper, 
brass, bronze, Everdur or any of the other well known 
types of weldable copper alloys which are generally 
used for range boiler construction where fast working 
at about 1200 deg. F. for brief periods is desirable so 
as to avoid overheating and excessive grain growth. 
The composition of this patented alloy is: | 


Silver 50 per cent 
Copper 15% per cent 
Zinc 16% per cent 
Cadmium 18 per cent 


and its melting range is 1160 to 1175 deg. F. They 
provide high strength and ductility and flow freely at 
temperatures safely below the range likely to injure 
the metals to be brazed. The high degree of strength 
obtained in most cases is.as high or higher than that 
of the materials joined. Used with a good flux, hav- 
ing a low fluid temperature which permits taking 
advantage of the alloy’s low melting point, only a 
small quantity of brazing alloy is needed to make 
tight fitting joints. 

The other brazing alloy flows equally well and 
strength and ductility are very good. It requires a 
slightly higher temperature, 1300 deg. F., to braze 
satisfactorily. The advantage of this particular mate- 
rial is that it is self-fluxing when used on copper. It 
flows freely into the metal, actually alloying with it, 
making tight, permanent joints. It can be used only 
with non-ferrous metals, 

Good silver brazing alloys are free-flowing within 
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their respective temperature ranges and have a re- 
markably quick penetrative quality, alloying readily 
with adjacent metal sections to form firm bonds. The 
photomicrograph shown in Fig. 4 indicates the degree 
of penetration of the solder into the brazed parts, 
one of the reasons why the joint is generally stronger 
than the metal parts it joins. 


Economy in Their Use 


These alloys are also economical to use. It is a 
delusion to believe that because the essential alloying 
element is relatively expensive that the cost of silver 
brazing is high. The washer of silver brazing alloy 
placed under a spud is about 0.010 in. thick and its 
area is equal to that of the flange. Thus it is possible 
to definitely determine the cost of the brazing alloy. 
In some instances more than a % Ib. of 50-50 
soft solder is specified per joint in attempting to get 
soundly mounted spuds. In a case like this, a direct 
comparison of material costs shows the silver brazing 
alloys to be more than 50 per cent lower and, in ad- 
dition, a less expensive type of spud can be used. 

Very little of the silver brazing alloy is required re- 
vardiess of the nature of the joint to be made, in 

o little is generally required to make a joint that 

int is usually inconspicuous. There are no ob- 
iectionable masses of metal outside of a well made 
silver brazed joint. For this reason, it is entirely 
suite] to the brazing of boiler spuds to range boilers 
where appearance plays a very important part. 


The Brazing Operation is Simple 


ng with silver solders is relatively simple. A 
few casily learned principles carefully followed will 
always produce good work. It is obvious that all parts 
that must be brazed should be thoroughly cleaned. 
All dirt, oil and grease should be removed chemically 
or mechanically, This insures thorough removal of 
oxides on the metal surface by the flux. 

When pre-heating, it is necessary to protect the sur- 
face irom oxidation caused by the torch flame. There- 
fore, it 1s necessary to use some medium which will 
absorb the oxides formed while heating and thereby 
aid the flow of the brazing alloy. As is generally 
known, the purpose of a flux is to assist the free- 
flowing action of the brazing alloy and, at the same 
time, protect the metal to be joined against oxidation 
as well as to dissolve whatever oxides may be formed 
during heating. Obviously, therefore, a flux which 
will liquefy at or below the melting point of the solder 
and will not readily volatilize is to be desired. 


Fluxes and Their Bases 


Borax forms the base for many fluxes. It has 
some advantages and also certain short-comings. A 
borax and boric acid combination is frequently used 
but, despite the compensating features of one or the 
other, their limitations depend upon the degree of 
fluidity which sets the temperature of usefulness for 
brazing between 1400 and 1600 deg. F. As the boric 
acid content increases, the viscosity increases and 
higher temperatures are necessary to provide sufficient 
fluidity for satisfactory use. Different salts must, 
therefore, be employed in order to braze at tempera- 


tures considerably under 1400 deg. F. and which is 
to be preferred in this type of work. 


Therefore, those using low temperature brazing 
alloys need a low temperature flux; the best known of 
which is a patented flux in paste form having a potas- 
sium fluoride base that starts to liquefy at 900 deg. 
F. and becomes extremely fluid and active at 1200 deg. 
F. It remains stable to 1600 deg. F. This flux can 
be readily mixed with water to the desired consistency 
and applied evenly with a brush over the surface to 
be brazed. It does not bubble or flow away under 
the torch and any excess flux coating can be easily 
softened and washed away with hot water. 


How to Apply Fluxes 


Correct application of flux calls for covering all 
parts of the joint and brazing alloy with flux. When 
used in paste form, the flux should be brushed evenly 
to cover the surface of the surrounding parts. This 
protects against further oxidation, absorbs oxides 
formed during heating, and aids in the flow of the 
solder. 

To obtain sound joints, the brazing alloy must be 
fully melted. For this purpose, the oxy-acetylene torch 
is ‘preferred because brazing temperatures can be 
obtained quickly with a reducing flame and heating 
can be confined to a small area. Gas from city mains, 
with oxygen or compressed air, can be used but are 
slower and spread the heat over a wider area of metal. 
The torch flame should be played uniformly over the 
part to be heated to prevent overheating in spots 
and excessive oxidation. The spud and surrounding 
metal should be heated slowly with a soft flame. Keep- 
ing the flame in motion, and heating uniformly, pro- 
duces the required temperature over a_ sufficiently 
large area without overheating. This is particularly 
true in working on copper which is a rapid conductor 
of heat. When heating two different kinds of metals 
having approximately the same gage or mass, favor 
the metal that is the more rapid heat conductor. 


Fig. 4. The Alloying of Silver Alloys With the Metals 


They Join is Well Illustrated in This Photo-Micrograph of 
a Joint Between Bronze and Copper. Magnification, 100 
diameters. The upper layer is bronze, the middle portion 
is silver brazing alloy and the lower layer is copper. 
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The flame should be played more frequently on the 
spud which requires more time to heat because of its 
greater mass. The boiler shell, in most cases, is rela- 
tively thin and it is desirable to avoid the tendency to 
overheat the thin section of metal hefore getting suf- 
ficient heat in the spud. 


Precautions in Pre-Heating 


In pre-heating, certain precautions should be ob- 
served. The operator must judge the correct heat- 
ing temperature, preparatory to the flowing of the 
solder and must prevent overheating of the metals 
being brazed. The low temperature flux recommended 
is a good heat indicator as it is extremely fluid at 
1200 deg. F. and can be readily observed by the oper- 
ator. He should not face the light and permit it to 
distort his judgment. The work also should be shield- 
ed from air drafts which cause uneven cooling. 

Silver brazing, due to the low heat required and the 
free flowing qualities of the alloys, is much faster than 
welding. In pre-heating, a soft neutral flame should 
be played in a circular motion close to the joint, 
quickly melting the silver alloy into place. Thus the 
high heats which are necessary for brazing with base 
metals and for welding are avoided. 


Types of Spuds and Pipe Flanges 


Many types and shapes of spud and pipe flanges 
are used in boiler and tank work. A few of the more 
generally used types are shown in Figs. 5 to 8. The 
greatest difference between them is the method by 
which they are made. Spuds which are made of weld- 
able coppers are usually forged, others are usually 
cast. However, either type may be brazed success- 
fully and in all cases it is possible to use an insert of 
silver brazing alloy and to apply pressure in such a 
manner as to produce the close clearances which are 
essential for good brazing. 

The method of applying pressure to the joint while 
brazing may be done in various ways. The simplest 
way is to use a small jig, similar to that shown in 
Fig. 2. The small screw clamp applies pressure to 
the flange of the spud and to the surface of the shell. 
When heat is applied, the various members expand 
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and when the brazing alloy melts, the clearance be- 
tween the shell and the spud is reduced to a minimum, 
Providing the necessary equipment is available, it is 
also possible to apply pressure by means of a pneu- 
matic ram during the heating period. This also pro- 
duces minimum clearances in the joint. 


Methods of Applying Pressure 


Caution should be taken in applying pressure. The 
points of application should be located at the thickest 
sections of metal. The members of the jig should 
be located so as to prevent any bending or distortion 
of the boiler shell during the brazing operations. It 
must be borne in mind that at elevated temperatures 
the strength of the material is momentarily reduced. 

The various types of spuds shown have been adopt- 
ed by the manufacturers for various reasons. Fig. 5 
shows a type used in Monel metal tanks which gives 
a very neat appearance, only the narrow rim of the 
spud being visible from the outside. Fig. 6 is a radius 
type or curved spud commonly used in the low priced 
field. It eliminates the necessity of embossing the 
boiler shell as the curvature of the spud readily fits 
the curved surface of the shell. However, it cannot 
be used in the headers of range boilers. 

Fig. 7 shows the clinch type assembled. This type 
of spud was designed to be turned over or peened 
under pressure, to obtain mechanical strength. ‘The 
manufacturer formerly welded these spuds but now 
uses a silver brazing alloy and still retains the peening | 
feature. This was done for the sake of appearance J 
as with this type of spud it is possible to obtain a 
rather inconspicuous flange on the surface of the 
boiler. Simultaneously it also produced a flat surface & 
in the boiler shell and eliminated the necessity for 
applying pressure during the brazing operation. The 
washer of silver brazing alloy was inserted between 
the larger flange of the spud and the boiler shell and | 
the entire assembly clamped together during the 
peening operation. When heat was applied the silver 
brazing alloy flowed completely around the joint and 
between the outside flange and the shell, producing a 
very excellent brazed spud. 

Fig. 8 is a type of spud quite similar to the one in § 
Fig. 6 except that it has a straight flange. It is quite } 
similar to the commonly used boiler tapping but rep- 
resents the transition of this type of spud to a type 
more suitable to the brazing methods as described in 
this article. It eliminates the threads required on the 
outside of the spud for the lock nut, thereby being 
considerably cheaper. It can be seen from these illus § 
trations that any type of spud can readily be brazed 
without difficulty. 

While the brazing procedure outlined has dealt em 
tirely with spuds for storage tanks and range boilefs, 
the same general procedure may be applied to many 
similar problems, whenever it is necessary to join fit 
tings to thin sections of metal and produce strong 
and leakproof joints which will give long service a 
low production costs. 

The use of silver brazing alloys for work of this 
nature may be new to many but their growing u® 
is the result of long study and research both in theif 
development and in their application in the industrial 
field. 
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Charging Cathodes of Electrolytic Copper into 
the Side of the Reverberator) 


by Edwin F. Cone 
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Furnace. 


Usual Methods of Deoxidizing Copper 


metallurgy is that the presence of very small per- 

centages of certain elements in a product often del- 
eteriously affects its properties. Conversely the addi- 
tion of small quantities of an element in a definite product 
often bestows desirable properties, sometimes attainable in 
no other way. The problem, however, of removing the 
apparently poisonous element is many times a difficult one. 


): OF THE INTERESTING and striking facts of 


The problem of deoxidizing copper is not difficult met- 
allurgically if the maintenance of its electrical conductivity 
may be ignored. However, over 50 per cent of the total 
production of the metal is consumed in the electrical in- 
dustry. Consequently, if a deoxidizing treatment results in 
decreased conductivity, the usefulness of the product is in- 

This is particularly true of copper. It has been known herently limited to a relatively smal! field. For example, 
for years that small percentages of oxygen in practically copper deoxidized with phosphorus has been produced for 
pure copper have harmful effects—percentages down to years. Its enhanced ductility and toughness have resulted 
0.03 to 0.05 oxygen. It has also been recognized that, if in the virtual exclusion of tough-pitch copper for the man- 
oxygen-free copper of high electrical conductivity could be ufacture of pipe and tubing. But ordinarily to insure its 
commercially made, decided advantages would result. freedom from cuprous oxide, enough phosphorus is intro- 
Small percentages of oxygen in copper are present as cu- duced into the molten oxygen-bearing copper, taken from 
prous oxide—Cu,0—which precipitates at the grain bound- a reverberatory furnace, to react with all the oxygen pres- 
aries and adversely affects the properties. By far the ent and leave in the finished product an excess of from 
greatest proportion of the production of the refineries is 0.015 to 0.025 per cent phosphorus. Owing to this resi- 
tough-pitch copper which normally contains 0.03 to 0.05 due of deoxidizing agent, phosphorized copper usually has 
per cent oxygen or 0.27 to 0.45 per cent cuprous oxide. a conductivity of only 85 to 88 per cent, compared to 100 
Copper free from this small amount of oxygen has defi- to 101.5 per cent for tough-pitch copper, which renders 
nitely superior fabricating properties because of its extreme the former unfit for most electrical purposes. 
plasticity or ability to withstand severe cold working with- One or two producers do quite regularly make phosphor- 
out fracture. ized copper with only the smallest excess of phosphorus 
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Molten Copper Flowing Continuously from the Rever- 
beratory Furnace through a Covered Trough into the De- 
oxidizing Unit. 






























The Large Rotary Table Carrying the Molds is in the Cen- 
ter Foreground. At the right foreground can be seen the 
pour hearth. In the background is the reverberatory 
furnace. 





and correspondingly better conductivity than the usual fig- 
ures, but they find it an extremely ticklish operation to 
secure this exact balance. 

Experiments by many investigators have been carried out 
in an effort to produce deoxidized copper acceptable to the 
electrical industry. A variety cf agents such as calcium, 
lithium, silicon, manganese, calcium boride, and others 
have been found effective and some have even been used 
commercially, although only on a small scale for special pur- ay 
poses. In the first place, some of these agents are almost . 
prohibitively expensive and what is more important, the 
results have not been consistently successful because all 














tend to have a harmful effect if too much remains in the 






product, and their use apparently has not been susceptible 
to adequately precise control. 


A New Method Described 


Today there is in large commercial operation a new 
method and apparatus, patented in the United States and 
foreign countries, for making oxygen-free copper that is 
also free from residues of deoxidizing agents and has a 
conductivity equal to that of tough-pitch copper. After 
several years of extensive experimentation and research, 
the United States Metals Refining Co., at its plant at Car 
teret, N. J., has developed and patented several processes 
for the production of oxygen-free copper. One of these 
is now being used to produce this grade of copper, which 
is known as “OFHC.” It is the object of this article to 
describe this process for the first time. 

The most novel characteristics of the OFHC process ar 
that it is continuous and that it depends upon the combined 
use of charcoal and a controlled atmosphere for its metal 
lurgical results. The charcoal is employed as the deoxi 
dizing agent; the atmosphere or gas prevents exposure t 
the air and consequent contamination with oxygen. 
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A Reverberatory Furnace 


~. 


Cathode copper, which is oxygen-free, is charged int 
an oil-fired reverberatory furnace, conventional in constru: 
tion, but unique in operation, since the usual intermitten 
cycle has been eliminated. One of the illustrations show 
the charging operation at the side of the furnace. Sinc 
the process is continuous, precisely as much copper is a= 
charged as is taken out, that is, the charging is balanced by de 
the rate of pouring. The continuously molten bath of : 
about 75 tons of metal is poled at intervals with a large 
green wood pole from the end opposite the firing end of 
the furnace so as to maintain a constant oxygen content at 
about the tough-pitch point. Samples are frequently taken 
for microscopic examination to determine the oxygen con- = J 
tent, which is regulated within the limits, 0.03 to 0.05 per 
cent. 


i ay 


The Deoxidizing Unit 


From the reverberatory furnace the metal flows in a 
constant stream, at a temperature of 1150 deg. C. or 2100 
deg. F., into a refractory lined trough which conducts it 
under a cover of charcoal, into the second unit of the proc- 
ess where it is deoxidized. 

The deoxidizing unit is a specially-constructed piece of 
apparatus, refractory lined and filled with high-grade wood 
charcoal. The metal passes through the charcoal by grav- 
ity, as a falling stream. By its intimate contact with the 
charcoal, the oxygen (0.03 to 0.05%) is removed. The 
reactions which are believed to take place in this unit are: 























































C + Cu,0 = 2Cu + CO 
CO + Cu.0 = 2Cu + CO 
C + CO: = 2CO 


2 


That is, the charcoal acts on the cuprous oxide to form 
copper and carbon monoxide which also teduces the cu- 
prous oxide to copper and forms carbon dioxide, which in 
turn is reduced by the charcoal to carbon monoxide. One 
of the illustrations shows the hot metal flowing from the 
reverberatory furnace into the trough and then into the 
deoxidizing unit. The only brief interruption of this 
stream is occasioned by the infrequent but necessary re- 
ke plenishment of charcoal as it is consumed. 


Controlled Atmosphere Introduced 


From the deoxidizing unit the metal, now free from 
oxygen, passes through a specially-designed spout and into 
an enclosed trough or launder. A controlled atmosphere 
is maintained around the spout and stream of metal and in 
the enclosed trough. This is charcoal producer gas con- 
taining about 27 to 28 per cent CO, 0.50 per cent COs, 
with the balance nitrogen. The gas is preferably free from 
cen, hydrocarbons, and water vapor as well as pos- 
xidizing components. 
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Pouring Hearth 


ious to casting the oxygen-free copper into billets, 
nd wire bars, it passes from the trough or launder One End of the Inspection Rack with Piles of Variou 
tea: entioned into a pouring hearth of special design Shapes in the Background. 


oer form of an elongated cylindrical hearth in which a 
Bh 
—- 6. Layout of the Various Components of the Plant. 
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Here again charcoal is present, the entire bath being 
is eahe We covered with it. The chamber also is filled with the char- 
Sa), PES ee ae coal producer gas. The flow from the deoxidizing unit is 
ita cate eee regulated (back at the reverberatory furnace) to suit the 
| pouring rate. Gas seals are provided at both the receiving 

and discharging ends of the pouring hearth and are main- 

tained unbroken through any angle of tilt for pouring. 

At diagonally opposite ends of the hearth, there are heating 

units of the low frequency induction type which serve to 

regulate the temperature of the metal before it is poured. 

. Aside from the fact that molten oxygen-free copper has 

Ny been maintained in this unit uninterruptedly since it was 
' first put into service a number of years ago, probably the 
most unique feature of its operation is that the temperature 
is controlled automatically within plus or minus 10 deg. C. 
by refractory encased thermocouples immersed in the bath. 


— —o-, “1S PSNR “— 
oS an ee ze 
* i *s % 


wp ae 





Pee he 


Pel 













Ss 


oe 
aee 















Ad) ae ’ 
+ SoS eee 
£y es pl "3 \ 
cs) Wemctiiaas 
Peete y 
re) wk es 
Leh 


A 


hy 
a hy 


Rod 









Structures (Below) of Hard Drawn 12 Gage Wire, Heated 
in H, at 850 deg. C for Y, Hr. Eiched with ammoniacal 
ammonium persulphate and repolished, which removes the 
crystal pattern from the etched surface, revealing the true 
‘lace pattern.” 
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Fig. 3. (Upper) OFHC Copper at 100 X. Nothing visible 
but the scratches. 





Fig. 4. (Lower) Tough-Pitch Copper at 100 X. The open 
spaces shown in about their true dimensions. 





Fig. 1. (Upper) Structure of OFHC Copper As Cast. 
Etched with NH,OH HzO. Magnification 200 X. 


Fig. 2. Structure of Electrolytic Tough-Pitch Copper As 
Cast. Etched with NHsOH H,O, Magnification 200 X. 


large bath of metal is constantly maintained. It is, of 
course, lined with suitable refractories. The main object 
of this hearth is two-fold: To regulate the temperature and 
control the stream of metal during pouring. 
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As far as is known automatic temperature regulation for 
molten copper has never before been employed in a com- 


ial plant. | 
tee pouting the finished copper from the mechanically 


rockable pouring hearth, the spout is enclosed in a hood 
which also is filled with the controlled atmosphere, i.€., 
charcoal producer gas, to surround the stream of metal as it 
flows from the hearth into the molds and thus completely 

revent any reoxidation of the copper. ‘Within the gas- 
filled hood and below the spout there is an electrically- 
heated refractory funnel or strainer which directs the stream 
of metal into the mold cavities. 

The various shapes, wire bars, billets and cakes, are 
poured in water-cooled molds. These are mounted on a 
rotating platform about 20 ft. in diameter. A plurality 
of each of these regular refinery shapes is poured simul- 
taeously, and, an important feature, all are cast vertically. 





Structures (Above) of Hard Drawn 12 Gage Wire, Heated 
in Hy at 850 deg. C for ¥/, Hr. Etched with ammoniacal 
ammonium persulphate, which unmistakably identifies the 
“lace pattern” of tough-pitch copper. 


Fig. 5. (Upper) OFHC Copper at 100 X. A few etching 
pits, due to drastic action of the persulphate, can be seen. 


Fig. 6. (Lower) Tough-Pitch Copper at 100 X. The 
Spaces left by the decomposition of CuO have been en- 
larged by the persul phate. 
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A Rotating Table Carries the Molds 


The molds are brought successively under the pouring 
spout by the mechanical manipulation of the rotating table, 
the operator acting both as pourer and table manipulator. 
Before pouring, the molds are filled with the controlled 
atmosphere or gas which is lighted at the bottom of the 
mold to insure its presence and which burns at the top 
during the entire pouring operation. A mold wash con- 
sisting of bone black suspended in water is sprayed into 
the molds, which, of course, are allowed to dry before use. 

Each mold is emptied of its solid shapes when the table 
has revolved to a position 180 deg. from the point where 
the mold was poured. By this time the oxygen-free copper 
has cooled below redness. On opening a small door at the 
bottom of the mold cavity containing the solid metal, the 
shapes fall into a large tank of water where they are com- 
pletely cooled. 

A mechanical conveyor removes the shapes from the tank 
to the inspection bench and then to the saws. The tops of 
the various shapes are cropped because of the shrink hole 
present, which is indicative of sound, gas-free metal and 
is a characteristic of oxygen-free copper. 





Routine Regulatory Tests 


Not many routine tests are necessary to control this con- 
tinuous process. An important one consists of watching 
the oxygen content of the metal as it flows from the rever- 
beratory furnace,—it is kept at a range of 0.03 to 0.05 per 
cent Oy. This is accomplished by taking frequent samples 
of the metal and examining it under the microscope. The 
characteristic structure of tough-pitch copper is easily recog- 
nized and is shown in one of the photomicrographs. An- 
other test consists of density determinations of full-size 
shapes by ascertaining the loss of weight in water com- 
pared to the weight in air. 

A very interesting test, which demonstrates some of the 
qualities of OFHC as compared with tough-pitch copper, 
is regularly conducted on samples taken from finished 
shapes. ‘These are forged and drawn into wire about 0.08 
in. in diameter. Portions of this wire, after electrical con- 
ductivity determinations have been made, are annealed in a 
special laboratory furnace in hydrogen at 850 deg. C. (1560 
deg. F.) for 30 min., quenched in water and subjected in a 
special machine to a reverse bend test of 90 deg. over a 
radius 21/, times the diameter. OFHC copper must stand 
at least 10 reversals before breaking. Reversals up to 12 to 
15 are common, Tough-pitch copper, subjected to the same 
test, usually breaks after one reversal. 

This is the metallurgical story of OFHC or oxygen-free, 
high conductivity copper. A discussion of its properties 
in comparison with those of phosphorized and tough-pitch 
coppers is not possible here. Two papers!;? have been 
published which afford information of this nature. 

The process described here is intensely interesting 
especially when seen in operation, and is at the same 
time simple. OFHC copper has been on the market about 
five years and is being shipped to nearly all fabricators in 
this country and large quantities are going abroad. 
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Courtesy Climax Molybdenum Co., New York 
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After the Pouring of a Large Open Hearth Heat 
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Steel Reminiscences—Il 


by Henry D. Hibbard 


Consulting Engineer, Plainfield, N. J. 


N 1879 I ENTERED the employ of the Nashua Iron 
| & Steel Co. at Nashua, N. H. The plant comprised 
a steel furnace, forge, scrap and bar mill and a small 

three-high blooming mill attached to the scrap mill. 
| had there a varied experience practically unattainable 
I was nominally chemist but draftsman also; there 
no other engineer. Then I helped sometimes as weight 

€ itor of forgings, and also as shipping clerk. 


Primitive Methods of 
Chemical Analysis 


thods of chemical analysis were then quite primitive. 
[ started there it took me two days to make a 


determination of phosphorus in iron, but before I left 
the laboratory I could do it by another method in one 
day that is, I could get the result the same day I started 
it. Many years later I spoke of this to F. A. Emmerton 
who went as chemist to the Joliet Steel Co. at Joliet, IIl., 
in 1871, He said that when he began it took him a week 
to determine phosphorus in iron, to which no objection 


was made, Joliet made Bessemer steel rails profitably. 
Soon after my arrival at Nashua in 1879, an electric 
lighting plant consisting of two direct-current arc lights 
was installed. It was before the time of alternating cur- 
rents and of incandescent lights. The electric generator 
was driven by a belt. The man who came to set up the 
plant got caught by the belt and his arm was broken. So 
I was assigned to help him and, under his direction, did 
the wiring. I knew how to join two wires which astonished 
him. One of the lights was put into the steel plant, and 
one in the plate mill. The light they gave was far better 
than the kerosene torches then in use for night work. 


The First Engineering Job 


My first engineering job, soon after my arrival at 
Nashua, was to locate a new heating furnace for the bar 
mill. It was a recuperative furnace, designed by Sweet 
of Syracuse, N. Y. The air for the fire was heated by 
passing through hollow bricks built into the neck. The 
boss-mason said casually: “Just give me the location of the 
first casting, and I will do the rest.” Even then I saw 
that, to do that, the whole furnace had to be considered. 
In time I studied it out and the furnace was built in the 
right place. 


With the foreman of the plate mill I designed and drew 
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an attachment for that mill for turning and dressing the 
rolls in place, as we had no roll lathe. It was driven by 
the mill engine and worked satisfactorily. I also designed 
tables for the blooming mill—not with driven rollers, 
however. 

Blue printing was just coming in and I made prints 
of my latest drawings. Blue print paper was not then on 
sale anywhere. I made my own from a recipe obtained 
from Fred Daniels of Washburn & Moen, wire manu- 
facturers of Worcester, Mass. I had a printing frame 
with plate glass and printed only by sunlight. The prints 
were poor, judged by modern standards, but serviceable. 
Incidentally, Washburn & Moen put in the first success- 
ful continuous rolling mill ever built, it was for making 
wire rods from 4 in. x 4 in. billets. 


An Early Steel Meiting Furnace 


In time, as my superiors left, I was promoted to be 
foreman of the steel plant. There was one 10-ton steel 
furnace, the largest size then built. The hearth was acid, 
of course, made of sand, for, though the basic process had 
just been invented, it was not practiced anywhere. The 
roof and upper part of the furnace were built of imported 
Dinas silica brick. Such brick were not then made in this 
country. The steel ladle was supported by a swinging 
but not lifting crane and there was a 15-ton jib ingot 
crane, hydraulic, of course, for handling the ingots. All 
ingots except a few large ones, noted later, were bottom- 
cast. We made rectangular or slab ingots for boiler-plates, 
cylindrical ingots for forgings, and short cylinders for lo- 
comotive driving wheel tires. 

The name ‘‘open-hearth” was not then applied generally 
to such furnaces. To me it has always seemed that a Sie- 
mens-Martin regenerative steel-melting furnace should 
have a short distinctive name commemorative of the inven- 
tors. I recommended the name “siema” which I use in 
my own notes. It is made up of the first syllable of the 
name of each inventor—Siemens of the furnace and Mar- 
tin of the process. 


The Melting Stock Used 


The melting stock, all low phosphorus, was pig iron, 
our Own scrap, and wrought iron blooms. A little miscel- 
laneous purchased steel scrap was also used but sparingly, 
as its phosphorus content was unknown. Only Martin 
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steel was made, so no excess of pig was used. We had 
a pile of Mokta iron ore from Algeria but did not use it 
as we did not know how to do so properly, and oxygen 
was our béte noire, to be kept out of the bath metal 
in every possible way. 

Our pig iron was either Swedish or English. The 
Swedish, which was smelted with charcoal, was in flat 
cakes or slabs. Its phosphorus was low and sulphur almost 
nil. Some brands contained 3 per cent or more of man- 
ganese, and the iron was often white in part or mottled. 
The English iron, in pigs of ordinary size and shape, had 
relatively little manganese, 

The wrought iron blooms were made in Northern New 
York, direct from ore, in Catalan forges. In such a fur- 
nace the ore was reduced to metal in a deep charcoal fire. 
They cost over $50 per ton. 


Charging the 10-Ton Open-Hearth 


An initial charge of pig iron and scrap, some six tons 
in weight, was charged and melted. Then the blooms, 
preheated red hot in another furnace, were fed to it in 
batches of about 1/, ton each until all was charged. The 
bath boiled as soon as melted. The blooms, which floated 
in it until melted or dissolved, always contained some oxide 
of iron or unreduced ore, and so caused some oxidation 
of carbon as well as dilution, and the bath was never 
quiet. But, on the other hand, the boil was never brisk or 
strong as is customary at times when ore is added plenti- 
fully as in the excess-of-pig method, now usually practiced. 

The slags were vitreous when cast in a thin cake on the 
iron floor. The fracture was olive green or yellowish de- 
pending, I think, on the proportion of manganese in the 
melting stock. The more manganese the greener the slag 
from the silicate of manganese it contained. 

Two heats of steel were made each week day or 12 per 
week. The night shift started about 11 o'clock and their 
heat was usually tapped about 7 o'clock the next morning. 
The day turn then came on and their heat was finished 
about 5 o'clock that afternoon. Between heats, and 
through week-ends the gas-maker ran the furnaces to keep 
them hot. It was thought best for each melter to make a 
complete heat so as to fix the responsibility for each. 
Costs were consequently high. 


I aimed to be present at the finish of every heat to 
analyze the samples and then to calculate the final addi- 
tions. I had a telephone in my room and the night 
watchman called me in the early morning, usually about 
5 o'clock, when the heat was nearly ready. As a rule | 
was the first person to travel the road to the steel plant 
each morning. When it had snowed in the night I 
broke my own path through the drifts. 


Preliminary Analyses for 
Carb. Man. 


I had short color methods for analyzing the metal for 
carbon and manganese while the charge was in the furnace. 
My sample was a small cake poured on the iron floor. 
If its carbon was high or over 0.25 per cent, it was 
promptly moved, to break its close contact with the cold 
iron, and so to prevent rapid cooling which, by holding 
carbon in the hardening state, tended to give too low a 
result. 
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The drillings, both of the standards and sample, were 
quickly weighed on a glass spring balance. A weakly mag- 
netized knitting needle handled the drillings. 


For carbon, drillings were dissolved in nitric acid, boiled 
until the brown fumes disappeared, and then compared, 
without dilution, with two other standards, one higher 
in carbon and one lower, treated in the same way at 
the same time. It was easy to tell which standard it was 
nearer to than to the other and how much nearer. Three 
or even more standards could be used when there was doubt 
as to the probable carbon content in the metal. 

For manganese a little more time was required. The 
nitric acid solution was, after the brown fumes were 
boiled off, diluted to double the quantity, and then given 
an addition of peroxide of lead. That, with further boil- 
ing, converted the manganese into permanganic acid, whose 
pink color, after the lead had settled, told by its intensity, 
the manganese content. It could be compared with other 
samples, one higher in manganese and one lower, treated 
in the same way. Actually I rarely used standards as the 
bath metal seldom had over 0.03 per cent at the end, 
and I could tell without a standard whether it had 0.01, 
or 0.02, or 0.03 per cent or none at all. 


All additions to the charge to rectify the composition, 
either spiegel, ferromanganese or pig iron, were made in 
the furnace, being placed on the banks and allowed to 
begin to melt, when they were pushed into the bath, 
which was then stirred. This method took some time 
and effort, but made for good quality, because of the 


time afforded for the metal to clean itself. 


We had no testing machine. A sprue of each heat was 
forged down to flat bar 3¢ in. thick, which was bent 
cold. All soft steel bent 180 deg. The harder 
steels broke and the angle of flexure before breaking was 
recorded, 


For working steel there was a plate mill, a forge plant, 
tire mill and the small blooming mill mentioned. In 
the forge were some helve hammers, some  direct- 
acting, the largest having a 10-ton trip. There was none 
larger in the country. 


Plate Rolling 


The plate mill had two stands of rolls, two-high. All 
plates were rolled twice. The first, or roughing rolling, 
reduced the ingot to a slab about 4 in. thick, which if 
too large for a single plate, was nicked across hot by chisel 
and sledge at the proper place to give the weights de- 
sired. When cold these slabs were broken at the nick 
under a drop. We had no bloom shears. Heating for 
the second rolling was higher—to a wash heat which 
melted the scale on the slabs. This gave a new surface 
to the plate. Because of this method, or for some othet 
reason, no case of a pitted or redshort plate ever came 
to my notice there. I doubt strongly if there was ever 
one. 

Shortly after that time Samuel T. Wellman, at the 
Otis Steel Co. in Cleveland, introduced the method of 
rolling plates at one operation from ingot to finished 
plate. This demanded that the ingot should have a thick 
skin free from skinholes. To secure this the steel must 
rim in the mold without rising much, preferably not any. 
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Casting Cylindrical Ingots 


Cylindrical forging ingots were cast in sheet iron cans 
placed within strong iron casings with a space of 2 or 
3 in. between the can and the outer shell. This space 
was filled with dry sand. Fluted ingots had not then 
been invented. For small ingots up to about 18 in. 
diameter, the outer casing was built up of a number of 
reinforcing iron hoops, each of which had strengthened 
the breech of a Parrott rifled cannon used in the Civil War. 
For larger ingots up to 36 in. diameter, old cylindrical 
boiler shells were used. 

We made ingots up to 27,000 lbs. in weight for large 
shafts. These were at first partly bottom cast—about one- 
third—the remainder being filled from the top. Each 
ingot had a smaller top section to which the porter-bar 
was clamped for handling it during forging. To lift 
such an ingot from the casting pit, the hydraulic pres- 
sure of the accumulator was not enough. So the accumu- 
lator was shut off and the pump sent its water directly 
to the cylinder of the ingot crane. 

These largest ingots were made only in winter when 
there was sledding. To transport one to the forge shop, 
a sled of heavy timbers was built and drawn by eight big 
horses. 


Some of the Troubles Met With 


These big forgings were not always satisfactory. We 


knew nothing of heat treatment or of annealing such 
pieces; .nd nothing also of how to provide a sinkhead to 
furnish |iquid metal to fill the pipe, in part at least, as the 
metal shrink and sank during freezing. So the upper cen- 


tral part of the ingot was unsound. Then the designers 
did not know their part well, for some of the shafts, long 
and relatively slender, as for the axles of stern-wheel 


steamboats on the Mississippi River, broke in service. 
Then we had trouble from longitudinal cracks in these 
big ingots cast in cans. The expansion of the sheet iron 
forming the can from the heat of the molten steel caused 
it to buckle and so to form longitudinal wrinkles. Along 
the bottom of such a wrinkle a crack was likely to be de- 
veloped in forging. Our sheet iron worker, who made the 
cans, was ingenious and he devised a slip joint running 
the whole length of the can to take up the expansion. 
That avoided the trouble nicely in large forgings thereafter. 


Ammonia Gas Detected 


Many of the large shafts were rough-turned and cen- 
tered before being shipped. One day in the machine shop 
a machinist, engaged on such work, asked me why we put 
hartshorn in the steel. In reply to questions, he said he 
often smelled ammonia coming from the center of the end 
of a forging, usually a shaft, either when he centered it or 
when he knocked off the first center for recentering it 
after rough turning. 

Soon after that he called me to such a shaft in his lathe, 
and I plainly smelled ammonia coming from a small fis- 
sure in the end of the shaft. He said that sometimes there 
was enough ammonia gas to escape with a hissing sound 
and to bring water to the eyes of all who were near. 

As I recall the matter I cannot say whether the cavity 
which contained the gas was a pipe, or one opened up by 
forging with a too light hammer, but from its irregular 
shape I am inclined to think it was the latter. A wire could 
be inserted 2 in. Our forging steel had usually about 0.35 
to 0.40 per cent carbon. I do not know whether or not 
rimming steel contains any perceptible quantity of am- 
monia. It may be characteristic of only killed or partly 
killed steels. 


(To be continued) 





Editorials 


horses on the farm, and crowds out steam on the high seas. 


Metals and alloys are an essential factor in this develop- 
ment. Besides the conventional products of a metallic 
nature used in building Diesel engines, there has recently 
been introduced some of the new low-alloy high-elastic 
steels for special parts, such as crank cases and bed plates 
where welding has proved successful. And in crankshafts, 
alloy gray irons have been incorporated with marked suc- 
cess, 

The Diesel engine has attained maturity only very slow- 
ly. It is only in recent years that its use has expanded. 
It is stated that in 1932, sales amounted to less than 100,- 
000 horse power. The 1934 sales had gone to 750,000 
horse power, practically double the pre-depression peak. 
In 1935 that peak was almost trebled and for 1936 reliable 
estimates place total sales at over 2,100,000 horse power. 
Compared with automotive horsepower of 500,000,000 this 
is significant in the words of Charles Kettering. 

As this development proceeds, there will be a still great- 
er demand for new alloys and metals, enabling the design- 
ing engineer both to lighten the weight of the unit and 
increase its strength and efficiency. The Diesel field prom- 


ises to be a source of expanding demand for metals and 
alloys —E. F.C. 


(Continued from page A27) 
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A German-English ‘‘Pony’’ 


In honor of the meeting of the British Iron and Steel 
Institute in Diisseldorf, the Sept. 17 issue of Stahl und 
Eisen is bi-lingual. All the articles are in German on 
the left side of the page and in English on the right. This 
applies not only to the Iron and Steel Institute papers, but 
to everything in the text, even to abstracts and patent notes. 
Most of the advertisements also have both German and 
English text. 

The 440 pages of this issue thus make a remarkable text 
book for home study of metallurgical German. The trans- 
lation is as literal as will make good English or German. 
The articles cover many different branches of ferrous metal- 
lurgy, so that the student could prepare his own German- 
English dictionary from this issue and not miss much of 
the necessary vocabulary for general metallurgical reading. 

While the object of the large amount of labor put into 
the translation was doubtless to make a special gesture of 
friendliness toward England to offset the disgust most 
English-speaking people have for the Hitler régime, and 
making a text book for metallurgical students was probably 
not aimed at, the result is one that- American metallurgists 
might well make use of —H. W. G. 
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Effect of Titanium 


ON SOME PROPERTIES OF 


17.5% Chromium Steel 


the influence of titanium additions on certain of the 

physical characteristics of a steel of the 17.5 per cent 
chromium type containing 0.20 to 0.30 per cent carbon. 
Four analyses were considered, which were prepared in the 
high frequency induction furnace at the University of 
Michigan and, as indicated in Table I, differed primarily 
in the titanium treatment and in the amount of titanium 
contained. 

These steels were melted in magnesite crucibles in heats 
of approximately 25 Ibs. Low carbon boiler punchings 
and ferro-chromium, containing a maximum of 0.20 per 
cent carbon, were used as the melting stock with the killing 
being done with silicon and aluminum before the titanium 
additions. For killing each heat before the titanium addi- 
tion, 25 grams of 80 per cent ferro-silicon and 10 grams 
of aluminum were used. No attempts were made to keep 
the bath covered with slag during the melting operation 
but the slag which was produced was removed before the 
titanium addition. The values given in Table II show the 
losses encountered during the melting operations. 

The heats were poured, at a temperature of approxi- 
mately 2950 deg. F. into cast iron molds, the resulting in- 
gots being rectangular and tapered possessing a cross sec- 
tion at the larger end of 214 in. square. These ingots were 
then forged into 7% in. round bars. 


Te: PURPOSE of this investigation was to determine 


Brinell Hardness Tests 


Brinell hardness tests were made on these steels as 
forged and, after annealing for 2 hrs. at various tempera- 
tures, followed by slow cooling in the furnace. The re- 
sults of these tests are presented in Table III, and show 
that the steels containing over 1 per cent titanium did not 
require annealing for softening after forging. 

Before making other tests, Steels A, B, and C were an- 
nealed at 1650 deg. F., and Steel D was annealed at 1550 
deg. F. Short-time tensile tests were then made in dupli- 
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by G. F. Comstock and C. L. Clark 


Metallurgist, Titanium Alloy Mfg. Co., Niagara Falls, 
N. Y., and Research Engineer, Dept. of Engineering 
Research, University of Michigan, Ann Arbor, Mich, 


cate at room temperature, and at 1000 deg. F., 1200 dey. F, 
and 1400 deg. F. Titanium did not seem to have a con- 
sistent effect on the tensile properties at room temperature 
after annealing, but at higher temperatures it improved the 
elastic properties, especially the proportional limit at 1000 
deg. F. This is shown by the data presented in Table IV 
where each value is the average from two tests. Stecl B, 
containing 0.3 per cent carbon and only 0.25 per cent ti- 
tanium seems to have in general the best tensile properties. 


Oxidation Tests 


Oxidation tests. were conducted in triplicate at 1200, 
1400, 1600, and 1800 deg. F. using cylinders 3/4 in. in 
diameter and ]/, in. long, heated in an electric muffle for 
1000 hrs. in still air. At the lower temperatures the gain 
in weight due to scaling was measured, but after the 1800 
deg. F. treatment the scale was removed electrochemically 
and the loss in weight determined. The gain due to scal- 
ing at 1200 and 1400 deg. F. was negligible for all the 
steels, indicating a very high resistance to oxidation. Table 
V gives the results at 1600 and 1800 deg. F., showing a 
decided improvement due to titanium. The atmospheric 
attack on Steels C and D at 1800 deg. F., however, was 
localized, and rather severe at certain points, so that Steel 
B was perhaps as good as any in this respect for practical 
purposes. 


Creep Tests 


Creep tests were made on the four steels by a method 
which complied with the requirements of the A.S.T.M. 
Tentative Standard E22-35T. The temperature of the 
specimens was 1100 deg. F., and a stress of 6000 Ibs. pef 
sq. in. was applied for 1000 hours. The data were plotted 
in the usual form, and the rates of creep determined from 
these curves at two periods of the tests are shown in Fig. 
4 and tabulated in Table VI. 
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Kind of 
Steel Ferrotitanium Added 
A NOME ..ecceeserecasererees 
Tr B.S peepee 
Cc 23.4% Ti, 0.01% C...005.. 
D 39.45% Ti, 0.7% Carceesee 


Table |.—Titanium Treatment and Analyses of the Steels Used 


Chemical Analysis 


c Cr Mn _ Si Ti 
oes 0.22 17.85 0.57 0.36 
wees 0.30 17.75 0.70 0.91 0.25 
sees 0.21 17.27 0.68 0.77 1.11 
wees 0.22 17.65 0.69 0.77 1.97 


Table 1|.—Analysis of 17.5 Per Cent Chromium Steels Containing 





Titanium 
Added Reported Loss 
oat ne ae ees Poe 0.173 0.22 —0.047* 
ee URET TET TP ERELE LT Le 17.50 17.85 -—0.35 
Man@aneS€ weccsccessscessces 0.63 0.57 0.06 
eee -oneksn ots tsb Gei osiaee 0.41 0.38 0.03 
r Dia ote a tint a 0.298 0.30 —0.002* 
( a ee Pee oe 17.50 17.25 —0.25 
Mitanigih acccteccssecccevess 0.845 0.25 0.595 
Steel_C * 
Carbon eoeeeeeeeerescseeeeeeseeoe 0.173 21 - 0.037 ° 
Chromeel os 000s ose cee eeen 17.50 17.27 0.23 
WtanisMh sicacccsccceoeseases 1.55 11 0.44 
Steel D 
wate ee el Ob Pee eer Pee Tere 0.173 0.22 —0.047* 
ICSE ds buat ore cd eueen-< 17.50 17.65 —0.15 
TitaniuM coccsseseseevedeves 2.29 1.97 0.32 
: * Gain in carbon content believed to be due to carbon variations in the 
ferrocht ium used, 
Table I11.—Brinell Hardness After Annealing 
Ann¢ Temp., Deg. F. Steel A Steel B Steel C Steel D 
None; ee 418 460 137 137 
1450 .. ee ae ee 220 225 149 140 
| Ae oF > er Se 194 207 143 133 
Res Fer 165 181 134 130 
) See 157 179 134 134 
Table 1V.—Results of Short-Time Tensile Tests 
Lbs. per Sq. In. 
\- $$$ $$$ A Per Cent 
ture Propor- Yield Stress at a —~, 
Test, tional Deformation Tensile Elong. Red. 
Steel eg. F, Limit 0.1% 0.2% Strength in2In. of Area 
A 5 30,000 42,000 43,125 80,650 29.25 55.35 
3 ; 32,500 52,500 54,250 90,475 24.00 47.30 
Cc 5 30,000 44,750 47,000 75,425 26.50 44.25 
D 5 26,250 42,500 44,750 71,925 23.00 41.45 
9,500 22,375 24.750 46,650 27.00 57.30 
B 18,000 31,875 34,625 55,000 29.50 58.80 
Cc 15,500 23,500 24,750 38,925 32.00 65.95 
D 18,000 25,250 26,250 42,300 31.50 60.95 
A ) 4,500 12,500 14,250 24,400 49.50 79.90 
B 00 4,750 11,875 14,125 24,500 50.25 86.20 
c 0 5,000 11,875 12,875 20,425 52.75 82.45 
D 200 6,000 12,000 13,250 20,575 46.75 77.20 
A 0 5,750 6,750 11,400 77.00 92.10 
B 0 5,375 6,500 13,050 60.03 94.60 
C 1400 0 5,750 6,875 10,400 72.50 92.65 
D 1400 0 6,250 7,250 10,875 72.00 88.85 


Table V.—Change in Weight After 1000 Hours Heating in Still Air 


Temperature 
ol Test, De g. F, 





Steel A 
Mr ccseud owe 0.0760 
Se 0.0611 
SPO + 0.0407 


Average .. 0.0593 


Gain, Grams per Sq. In., Scale Left On 


A 
aeeoeeenes? Cans 





Steel B Steel C Steel D 
0.0017 0.0083 0.0085 
0.0043 0.0071 0.0142 
0.0046 0.0129 0.0136 
0.0035 0.0094 0.0121 


Loss, Grams per Sq. In., after Removing Scale 
PY 





Steel A 
| Pere 0.7645 
See es 7 
| aps 07588 


Average .. 0.8999 


Steel B Steel C Steel D 
0.6160 0.8590 0.2455 
0.4765 0.3565 0.1452 
0.8050 0.8800 0.3965 
0.6325 0.6985 0.2624 





Fig. 1. (RIG H T)—Microstructures of Cr-Ti Steels at 500 
Diametcrs in the As Forged Condition. 


Top: Stee] A—0.22 C, 


Center: Steel B—0.30 C 
ottom: Steel D—0.22 
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17.5 per cent Cr. Brinell 418. 
- 0.24 Ti, 17.5 per cent Cr. Brinell 460. 
C, 1.97 Ti, 17.5 per cent Cr. Brinell 137. 























Table VI shows decided differences between the four 
steels, steels C and D having entered the stage of increas- 
ing creep rate in less than 800 hours, while for steel A and 
B the creep rate was still constant. Steel C was apparently 
near failure at the termination of the test, and was decid- 
edly lower in creep resistance than the steels with both less 
and more titanium. Steel B, showing the best creep re- 
sistance, was decidedly higher in carbon than the others, 
and had only a moderate titanium content, so that the ratio 
of Ti to C in it was less than is required to avoid air hard- 
ening or than is usually suggested for stabilizing structure, 


After the creep tests were finished the specimens which 
had been subjected to a stress of 6000 lbs. per sq. in. for 
1000 hrs. at 1100 deg. F. were tested in tension at room 
temperature to determine the effect of the high temperature 
treatment. The results are compared with the original ten- 
sile properties of the respective steels in Table VII. 


Some of the data for Steel C in Table VII are missing 
because the specimen broke at the shoulder, having been 
strained nearly to failure in the creep test. It appears from 
Table VII that while the properties of the non-titanium 
Steel A were all impaired by the creep test, those of the 
titanium Steel B were all improved, and the titanium Steel 
D was also improved in ductility. After creep testing, the 
titanium Steels B and D showed decidedly better ductility 
than the non-titanium Steel A. Thus it appears from these 
tests that titanium improved the ductility of the steel »fter 
subjection to load at high temperature. 


500 Diameters. Annealed at 1650 deg. F. 


Steel D—0.22 C, 1.97 Ti, 17.5 per cent Cr. Brinell 130 
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Table Vi.—Comparative Creep Resistance at 1100 Deg. F. Under 





a Stress of 6000 Lbs. per Sq. In. 
Rates of Creep, Per Cent per 1,000 Hrs. 
- 














gee a , ~ 

Steel A Steel B Steel C Steel D 
After 400 hrs.......--- 0.295 0.265 1.11 0.46 
After 800 hrs......-... 0.295 0.265 3.98 0.68 


Table Vil.—Tensile Properties at Room Temperature Before and 
After Creep Tests 


Lbs. per Sq. In. 
eae Se i 


—--_— oe Per Cent 
Propor- Yield Stress at Cc A— — 
tional Deformation Tensile Elong. Red. 
Steel Condition Limit 0.1% 0.2% Strength in2In. of Area 
A Original 30,000 42,000 43,125 80,650 29.25 55.35 
A After Creep 25,000 40,250 41,250 77,400 19.00 24.80 
B. Original 32,500 52,500 54,250 90,475 24.00 47.30 
RB After Creep 32,500 56,500 58,000 93,950 25.00 49.20 
C Original 30,000 44,750 47,000 75,425 26.50 44.25 
Cc After Creep 25,000 40,000 Sune. -seaws ie ee 
D Original 26.250 42,500 44,750 71,925 23.00 41.45 
D After Creep 22,500 41,000 43,500 71,950 30.00 46.50 


Microstructures Examined 


The microstructures of these steels were examined after 
various treatments, and those of Steels A and B were quite 
different from those of Steels C and D. The latter were 
all practically the same for both steels in all conditions, 
showing merely ferrite with titanium cyanonitride crystals. 
Steels A and B showed martensitic structures as forged 
and, when annealed, this changed to a spheroidized carbide 
structure with some ferrite banding. The structures of 
these two steels did not differ very much until after the 
creep tests. Then Steel B, containing titanium, was finer 
graincd and showed a better distribution of the carbides 


Steel A—0.22 per cen 
Fig. Microstructures of Cr-Ti Steels at 500 Diameters after 1,000 Hrs. at 1,100 Deg. F. under Stress of 6,000 Lbs. per 
Sq. In. 
Steel B—0.30 C, 0.24 Ti, 17.5 per cent Cr. D—0.22 C, 1.97 7.5 per 
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Fig. 4. Time-Elongation Curves of Cr-Ti Steels at 1,100 Deg. F. under Stress of 6,000 Lbs. 


than Steel A. Some photomicrographs are submitted to il- 
lustrate these structures, all having been taken at a mag- 
nification of 500 dia., and after etching with aqua regia 
and glycerine. The skillful work of J. W. Freeman in 
preparing these illustrations is gratefully acknowledged. 

A further discussion of the hardness and structures of 
these steels in the ingot form and after various heat-treat- 
ments was presented at the 1936 A.S.M convention in 
Cleveland by R. E. Bannon, Research Associate, Metallurg- 
ical Research Laboratories, The Titanium Alloy Mfg. Co., 
Niagara Falls, N. Y. 


Conclusions 


The following conclusions seem to be justified by the 
results of these experiments: 

(1) Steels containing about 17.5 per cent chromium 
and 0.2 to 0.3 per cent carbon with not over 0.25 per cent 
titanium require annealing to soften them below 200 Bri- 
nell after forging, but similar steels containing over 1 per 
cent titanium do not. 

(2) The tensile properties of all these steels, forged 
and annealed, containing zero to 2 per cent titanium, were 
satisfactory at room temperature and at temperatures of 
1000, 1200, and 1400 deg. F. Titanium seemed to improve 
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per Sq. In. 


some of the elastic properties at high temperature, anc es- 
pecially the proportional limit at 1000 deg. F. 

(3) Titanium improved the resistance to oxidatio: at 
1600 and 1800 deg. F. and 0.25 per cent seemed t. be 
sufhcient for a marked improvement at 1600 deg. F. \Vith 
higher titanium the oxidation at 1800 deg. F. was local zed. 

(4) The steel with higher carbon and 0.25 per cent ti- 
tanium showed the best resistance to creep under 6000 
Ibs. per sq. in. load at 1100 deg. F., but higher titanium 
contents impaired the creep resistance. 

(5) Titanium improved the ductility of this steel after 
subjection to the creep test, the ductility of the titanium 
steel being increased by creep testing, while that of the 
non-titanium steel was lessened. 

(6) The titanium additions increased the structural sta- 
bility of these steels, for none of the alloys containing ti- 
tanium showed as detrimental structural changes after creep 
testing at 1100 deg. F. as the plain chromium steel showed. 

This investigation was sponsored as a research project 
by the Titanium Alloy Mfg. Co., Niagara Falls, N. Y., 
and the tests were conducted in the department of engi- 
neering research, University of Michigan, Ann Arbor, 
Mich. The thanks of the authors are due to both these 
organizations for permission to publish this report. 
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CONTROLLING A 


“CONTROLLED ATMOSPHERE” 


hy A. E. K l 0 g h Engineer, The Brown Instrument Co., Philadelphia 


nace atmospheres and their effects upon steels that it 

appears desirable to inquire into the methods of 
measurement used to gage such atmospheres. While there 
is widespread agreement that for best results in preheating, 
hardening, tempering, normalizing, carburizing, etc., special 
gas atmospheres should be maintained around metals un- 
dergoing any particular type of heat treatment, the agree- 


¥ much is being written and said about controlled fur- 


ment i; considerably less as soon as the question of the 
proper atmosphere for any given metal or alloy is under 
consid«r:tion. This is not at all strange in view of the 
fact th.: a great many of the tests which are used as a 
basis {or judgment have been quite incomplete or have 
been a complished with very crude measurement. Few 
data arc available to completely state the relative quantities 
of all g.ses present. 

The :cason for this situation undoubtedly lies in the dif- 
ficulty of complete analysis of furnace atmospheres in the 


average heat treatment plant. 

Many of the data available regarding the action of mixed 
atmospheres upon hot steel are based only upon a test for 
the carbon dioxide percentage in the atmosphere. The 
measurement of CO, is generally made by means of a 
manually operated chemical Orsat. Such units are very 
good for flue gas analysis, but they are hardly reliable for 
the accuracy required in heat-treating work, and are, of 
course, subject to grave errors if not constantly maintained 
in order. Some observers have used automatic Orsats of 
similar principle with somewhat better results. Naturally, 
such instruments are capable of making CO, analyses at 
much more frequent intervals and are reasonably con- 
sistent, if carefully supervised. 

In recognition of the insufficiency of CO, data, many 
heat treaters have turned to the measurement of CO. This 
Is nearly always accomplished through chemical absorp- 
tion of the gas in acid or ammoniacal cuprous chloride, 
Cosorbent, or other chemical. All such solutions reach a 
saturation point rather quickly and, at best, the method is 
laborious. To achieve greater accuracy in the measure- 
ments, considerable laboratory apparatus is required in com- 
bination with the knowledge of a trained chemist. Meas- 
urements of H, CHy,, etc., have also generally been out of 
the question for the lack of both apparatus and training. 

The logical result has been that many practical heat treat- 
ers have found it preferable to test atmospheres by the 
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ancient, honorable, and expensive method of ‘‘cut and try.” 
This method has the decided advantage of completeness in 
each instance, but very little else can be said in its favor. 
Perhaps the reason that many phenomena in the heat treat- 
ment of metals have been so puzzling lies in these condi- 
tions, which certainly are responsible for many conflicting 
reports received from various sources. 

In attempting to remedy this situation, a series of tests 
have been undertaken to determine those characteristics of 
furnace atmospheres which can best be used as a means of 
measuring the conditions existing in a furnace, for it is a 
truism that to control, it is first necessary to measure. These 
tests have revealed considerable pertinent data which are 
now being published in response to a number of requests. 


The Effect of Gases Upon Steels 


The definition of the American Society for Metals for 
heat treatment is “An operation or combination of opera- 
tions, involving the heating and cooling of a metal or alloy 
in the solid state for the purpose of obtaining certain de- 
sirable conditions or properties.” 

Unfortunately, the heating and cooling of a metal or 
alloy is also likely to produce some undesirable properties 
unless steps be taken to prevent it. Two particularly 
troublesome things that can happen to steel undergoing 
heat treatment are scaling and decarburization (or car- 
burization). Both can be avoided by surrounding the 
steel with a fluid which will not react with the steel at any 
temperature reached. The problem is to find such a fluid 
for each condition. For some metals it is possible to em- 
ploy molten baths of some sort, but this is frequently im- 
practical. 

It is not practical to avoid this problem by the use of 
pure inert gases due to their cost, so for production work 
some way of using a mixture of gases must always be 
found. This is usually accomplished by trial and error, 
and we need not here emphasize the undesirability of that 
method in terms of loss of time, material, and the temper 
of the boss. Even after a batch has been successfully treat- 
ed one day, it is often necessary to partially repeat the trials 
during the following days, due to apparent vagaries of 
weather and furnace. 

Oxygen, CO., HO, SOs, and probably most compounds 
(except CO) containing oxygen are, in certain temperature 
ranges, strongly oxidizing to steel. Since complete or par- 
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tial combustion of ordinary fuel always produces one or 
more of these gases and since air contains lots of oxygen, 
scaling would always occur in furnace heating were it not 
for the fact that certain other gases have an opposing tend- 
ency in regard to the steel—notable among these are car- 
bon monoxide (CO) and hydrogen (Hz). The presence 
of the desired per-entages of these gases will tend to neu- 
tralize the oxidizing effects of the others mentioned. 
There is, however, also the problem of carburization and 
decarburization to consider, and quite a different gas bal- 
ance may be needed to avoid these effects than for the 
scaling problem. 

In Table I is shown a tabulation of reactions of various 
gases with iron, cementite, and scale, and also some inter- 
reactions of gases. The list is necessarily partial, in that it 
enumerates only the gases commonly found in greatest 
quantities in heat-treating furnace atmospheres and omits 
the mention of SO,, H,S, formaldehydes, etc., although 
some of each is generally present. 

Among the gases listed, O2, COs, and H,O will produce 
scale (FeO); O, and H,O will further oxidize FeO into 
Fe,O, and Fe;0,; CO and Hy, will remove oxygen from 
these oxides and are, therefore, known as “reducing” ; ice., 
these gases will tend to clean the steel. At this point it is 
probably well to point out that the terms “‘oxidizing’’ and 
“reducing,” where used in this article, refer to the action 
of gases upon scale and should not be confused with sim- 
ilar terms generally used to designate complete and in- 
complete combustion respectively. 

Carburization of iron will be caused by CO and CHy,, 
but O., COs, and Hy, will decarburize, and high carbon 
steels can be decarburized by CO as well. 

All reactions are greatly accelerated at elevated tempera- 
tures, especially in the presence of water vapor. The vari- 
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Fig. 1.—Partial Section 
of Electrically Heated 
Pre-Combusted Atmos- 
phere Furnace Used in 


the Tests. 


ous inter-reactions listed illustrate the complexity of the 
problem because as they occur, nascent atomic gases may 
contact the steel, and they are extremely active. 

When studying Table I in the light of available litera- 
ture, the following facts respecting common atmospheres 
derived by partial combustion of industrial gases appear 
outstanding: 


1. Oxygen (O:) produces scale and will decarburize steel. 
It is generally held to a minimum and ordinarily not 
found in excess of 0.3 per cent unless air infiltration is 
occurring. 


N 


. Carbon monoxide (CO) will tend to remove scale and 
carburize the metal. It is frequently used in relatively 
large percentages (up to 16 or 18 per cent). High car- 
bon steels can be decarburized by this gas. 


3. Carbon dioxide (CO.) will scale steel by dissociation, 
but it is not generally considered extremely active in this 
regard. It will also decarburize. It is always present 
(from 1 per cent up). 


4. Hydrogen (H:) will clean steel by deoxidizing the scale 
and will also decarburize, especially in moist atmospheres. 
(W. E. Jominy states that this gas in the presence of 
water vapor is the fastest decarburizing agent known to 
him. (Transactions American Society for Metals, Vol. 24, 
March 1936, pages 127-128.) It is usually present in 
large quantities. 

5. Methane (CH,) does not directly affect scale, although it 
liberates hydrogen in the process of carburization. It is 
present in large quantities at low air/gas ratios, especially 
at lower temperatures. 


6. Water vapor (H:O) is descaling. It is also a very 
active catalyst aiding the decarburizing gases. Some 
moisture is nearly always present, but modern atmos- 
phere preparation machines are frequently adapted to 
remove a large proportion of this vapor before the 
mixture is admitted to the furnace. 





Table 1—Some Reactions of Some Furnace Gases with Iron, Iron 
Carbide, Iron Oxide, and Each Other at Elevated Temperatures 





Name Symbol O2 
i AAG Dada sb ba Oaks bX vthivd obs bdU baud ob e Oxide. 
I a Sn Ee eet ban keowhbdn sane FesC Decarb. 

FeO 
Iron Oxides Fe2Os Oxid. 

FesO.« 
a ee win wa 4.0 waa ele oa O2 x 
ESS SE ern ne co COs. 
a wares CO: xX 
EE ite ge dob ache db ebbese ceedeneecss o6 sis Hs H2 
Te Ba Le ee as no « clule 0 0.0.6 CHa. CO & H:0 
en ss etn’ «acne ees oid ok oe das eee H20 xX 
SND ~ sg 4 cae Rie hhc b a8 ba webs cll sgl Fe eRe Na x 
Carbon PEG, TR Re SR eee Cc co 
EE os aa = ale 5 & oe whe BOON c MEE EKL open ee x 
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co CO2 Ha CHa H:20 
Carb. Oxid. xX Carb Oxid. 
xX Decarb. Decarb. x a 
Reduc. x Reduc. Xx Oxid 
CO2 x H20 CO & H:0 
x x xX xX CO: & Ha 
xX b A CO & H:0 x x 
xX CO & H:0 x x x 
xX x x x y 4 
CO: & Ha x p 4 x x 
7 x x x x 
x co CH, x x 
C & Os CO & Os xX C & He Hs & Or 
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7. Nitrogen (N:) is usually considered inert except in its 
nascent state. Some authorities, however, consider that 
a moist nitrogen atmosphere is actively decarburizing 
because of the presence of water vapor. It is, of course, 
always present in large quantities. 

8. It appears that most authorities agree in the following 
conclusions: 

(a) CO./CO represents a ratio which, if large, will 
cause decarburization and scaling of steel. If very 
small, both of these actions will be reversed. In 
an intermediate range, carburization and scaling 
may occur simultaneously due to these gases. 

(b) CH«/H:2 represents a ratio which, if large, will 
cause carburization of steel. If very small, this 
action will be reversed. 

(c) H:O/Hz2 represents a ratio which, if large, will 
cause scaling of steel. If small, this action will 
be reversed. 


In controlling these ratios in the active zone of the fur- 
nace, several things have to be considered when a fuel gas 
is partly burnt with a deficiency of air, and partly cracked, 
as is the case in the preparation of the usual commercial 
atmospheres. Among these are the initial composition of 
the fuel gas, the humidity of the air, the gas/air ratio, the 


rate of flow, the temperature of the pre-combustion and 
cracking chamber, the presence or absence of catalysts there, 
the completeness of dehydration of the gas before it enters 
the furnace proper, the composition of the gas at this stage, 
the rate of flow, the temperature of the furnace, and the 
catalytic effect of the charge and the furnace walls. 

After the fuel gas is chosen and the temperature of the 
furnace proper is fixed, the factors under most ready con- 
trol arc the gas/air ratio and the temperature of the pre- 
combustion chamber. As will be shown later, slight 
chang<s in the gas/air ratio, in the ranges usually employed, 
produce quite large changes in the composition of the exit 
gas | the pre-combustion chamber, so that the pres- 
sure ‘s always employed may not allow a sufficiently 
fine ; stment. Some other “‘tell-tale’’ which will allow 
finer stment, as well as information on the effect of the 
temperiiure of the pre-combustion chamber so that, if 
necessary, that may be adjusted also, would be advantageous 


in giving the furnace operator greater certainty that he was 
in reality duplicating a gas composition that he had previ- 
ously found suitable for the work in hand. 

An experimental program was undertaken to search for 
a suitable “'tell-tale,”” and for the needed information. 


Outline of Tests 


The purposes of the tests herein described were: 


1. To determine the measurable properties of furnace atmos- 
pheres. 


2. To determine the most significant of these. 


3. To devise means of continuously measuring and record- 


ing this property. 


In this work, two furnaces of different types were em- 
ployed. It is believed that these are representative of gen- 
eral practice in industry. No work was handled in the fur- 
a during the tests. The data given in this paper were 
% secured by means of the electric furnace shown in Fig. 
: ay much operating data have been secured on the gas- 

re furnace shown in Fig. 1, wherein heat was supplied 
combustion below the hearth and the resultant gases 
made to circulate around the work and the hearth. 
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Fig. 2—Sectional End View of Gas Heated Controlled 
Atmosphere Furnace. 
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Analysis Equipment Used in Combination with 
Furnace Atmosphere “ Analy-graph.” 
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Fig. 4.—View of Instrument Used to Record Thermal 
Conductivity of Gas During Tests. 











Fig. 6—Sample Chart 
from Thermal Con- 
ductivity Recorder II- 
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Fig. 5.—Curves Showing the Creeping Changes that Occur 
in Furnace Atmospheres After Valve Adjustments. 
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Fig. 2 shows a partial cross section of the electrically 
heated furnace used in the work. A_ pre-combustion 
chamber, not shown in the diagram, served to permit the 
gas and air to burn and reach relative stability before the 
mixture was admitted to the work chamber. The furnace 
was heated by current passing through Globar resistor ele- 
ments mounted on each side of the work chamber. The 
combustion chamber temperature was measured by means 
of a thermocouple imbedded into the wall about 1/, in. 
from the actual combustion space. The furnace tempera- 
ture was measured in the usual manner. 

All gas samples were secured through Sillimanite 
sampling tubes installed 3 in. inside each furnace and about 
2 in. above the hearth. This, it was reasoned, was the lo- 
cation in the furnace which should give the best representa- 
tive sample of the gas that would actually surround work 
in the furnace. 

The use of a Sillimanite or porcelain sampling tube was 
dictated by the known fact that nickel and iron each tend 
to react with the furnace gases, when hot, and would thus 
render results unreliable. In view of the fact that only 
relative values were required, we discarded the thought of 
using a water-cooled sampling tube. The results have 
justified this. 

Two widely differing gases were used for the furnaces; 
i.e., ““Pyrofax’” and manufactured water gas. Pyrofax 1s 
approximately 99 per cent propane, while the other was 
Providence City Gas with an average analysis of 1.7 P* 
cent CO,; 0.5 per cent O,; 10.0 per cent CO; 27.3 P& 
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cent CH, (probably a portion of this was ethane) ; 42.7 
per cent H,; 15.1 per cent Ng; and 2.7 per cent illumi- 
nants. On the basis of work done by a number of other 
investigators, it was reasoned that these two gases differed 
sufficiently widely in characteristics so that investigation 
would give data which could be correctly interpreted to 
apply to other gases. . 

A gas sample was continuously drawn from the furnace 
under test by means of analysis equipment, such as shown 
in Fig. 3. The gas passed through a condenser, calcium 
chloride drier, and cellulose filter before analysis. This, 
of course, removed most of the water vapor in the at- 
mosphere from consideration. After the filter, the sample 
was drawn through a thermal conductivity cell, an exit seal, 
and a water aspirator. At 20-min. intervals, a portion of 
the sample was manually drawn into a chemical 100 cc. 
Orsat (Fisher Scientific Co. Type “D" Analyzer) and volu- 
metric tests were made for the constituents by the following 
means: 


CO: by absorption in caustic potash solution. 

©. by absorption in acid pyrogallate. 

I!luminants by absorption in fuming sulphuric acid. 

CO by absorption in acid cuprous chloride. 

H. by combustion in a measured quantity of air. 

CH, by absorption of CO, in caustic potash after burning 


of the sample. 
Simultaneously with the drawing of the Orsat sample, 
readings of the air flow, gas flow, time, relative humidity, 
and thermal conductivity were made. 
As a basic part of the investigation, it was decided to 


provide . record of the thermal conductivity of the gases. 
Therm:  onductivity meters are based upon the ability of 


heat to flow through a gas mixture. Such meters usually 
take the form of a Wheatstone bridge, of which two or 
more arms are made from wire having a high temperature 
coefficient. Each of these arms or filaments is enclosed 
in a cellular space and current is passed through the bridge 
to heat the filaments. In one cell is sealed air, while the 
sample gas is passed through the other. As the composi- 
tion of the gas sample changes, the relative temperature of 
the exposed filament changes—thus changing its resistance, 
and unbalancing the Wheatstone bridge. The amount of 
this unbalance may then be measured. 

Anaylsis equipment for this purpose was, therefore, in- 
corporated in the test and a graphic record produced on a 
potentiometer such as shown in Fig. 4. The instrument 
proved so useful during the tests and in subsequent pro- 
duction work that a device based on this principle and 
called the ‘Furnace Atmosphere Analy-Graph”’ resulted. 

In Fig. 6 is shown a copy of a test chart transcribed upon 
the type of chart which is now being used on the Fur- 
nace Atmosphere Analy-Graph. This sample serves to il- 
lustrate the type of data secured. In this particular in- 
stance, the measurements were made on the electric furnace 
using Pyrofax gas feed with an operating furnace tem- 
perature of 1400 deg. F. The chart illustrates how the in- 
strument was useful both for complete and incomplete 
combustion conditions. 

Throughout the tests, care was taken that simultaneous 
readings were made and that relative equilibrium existed in 
the furnace. The importance of this will be appreciated 
in view of the time curves shown in Fig. 5, which illustrate 
the “‘creeping’’ of the furnace atmosphere after a change 
in the air/gas ratio (from 17.7/1 to 15.4/1) was made. 
Is it any wonder observers, like doctors, disagree ? 


(To be concluded) 





LE: TERS TO THE EDITOR 
Cupo'a Duplexing for Electric Steel Castings 


To the Editor: The article by Kinnear and Gillett in the Decem- 
ber issue of METALS AND ALLOys interests me greatly. 

It so happens that duplexing cupola melted steel scrap to an 
electric furnace for making steel castings was proposed and greatly 
increased output at approximately equal cost with cold melting 
was pointed out in a paper’ by the writer before the American 
Foundrymen’s Association in 1912, where we refer you to page 
245. Hot metal of 4 per cent C was taken down to 0.50 per cent 
C by oreing down in induction furnaces prior to 1909.” 

When one of my electric furnaces was installed at the La Con- 
solidada in Mexico City in 1922, on account of the guarantees 
made I went there to operate it. The scrap was about one-third 
cast, one-third malleable and the balance very rusty steel scrap 


To the Editor: Your recent editorial note in METALS AND 
Alloys for December on “Damping” has prompted me to write 
you of some work we are doing at M.I.T. along this line. 

Instead of using a measurement of the damping capacity as an 
indication of the plastic behavior of metals particularly under con- 
ditions of repeated loading, we are using it as an indication of 
Structural changes brought about by mechanical and thermal treat- 
ment. In the field of age hardening, the results seem very promis- 
ing and apparently the damping test supplies one more tool to be 
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with an occasiorial piece of wrought iron. We did not have the 
cupola but the carbon was in the mixture with a vengeance. We 
ored it down with roll scale and a little manganese ore. After a 
few trials we had no more boiling out at the doors. I have been 
in communication with these people ever since this was first started 
and, from what I gather, their scrap mixture is about the same 
today after these many years. 


C. H. Vom Baur, CONSULTING ENGINEER 
Hartford Electric Steel Corp., Hartford, Conn. 


1“The Practicability of the Induction Furnace for the Making of 
Steel Castings.” A.F.A., Vol. 20, 1912, pages 237-253. 

2 Kjellen. Transactions, American Electrochemical Society, Vol. 15, 
1909, page 203. 


used in studying the beginning of the precipitation process. The 
method also seems to be a sensitive indicator of the recovery in 
metals which have been reheated after cold work. 

Our experimental work is just beginning in this field, but com- 
parative results of sufficient precision apparently can be obtained 
fairly simply and I feel that damping measurements will be very 
useful in supplementing our other metallographic methods. 


J. T. Norton, Mass. INst. oF TECH. 
Cambridge, Mass. 
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In. the harbor at Charleston, S. C. is this light buoy with superstructure and lantern fabricated from 
aluminum alloys possessing exceptional resistance to attack from salt spray and marine atmosphere. Be- 


cause of the lightness of aluminum construction it was possible to use a 25-ft. tower and a 375-mm. 
lantern in place of the standard 16-ft. tower and 200-mm. lantern. 


METALS AND ALLOYS 








Metallurgists, Battelle Memorial Institute, Columbus, Ohno. 


ent in low carbon, low alloy steels was discussed, in 

ation to properties at room temperature and lower 
temperatures, in an earlier article.' | Phosphorus has a spe- 
cific cifect on the properties of steels at elevated tempera- 
tures, though the fact is as yet rarely appreciated. 

The available references to the effect of phosphorus in 
steel!) ‘or high temperature services are few. One which 
bore 1 the high temperature tensile and yield strengths of 
phospiorus containing steels appeared in a discussion by 
Spellc:* of a paper presented before the A.S.T.M. in 1924. 
In t Speller had shown that the tensile strength and 
yield point of lap-welded steam pipe containing 0.09 C, 
0.43 \in and 0.013 per cent P were raised by increasing the 
phosphorus content to about 0.10 per cent. This was ac- 
complished with little change in ductility. Tensile tests 
made at temperatures from 600 to 1000 deg. F. showed 
the higher phosphorus steel to have the greater tensile 
strength over the entire temperature range. 

Other references*: 4,5, ® in the literature, while mention- 
ing the uses of larger than normal percentages of phos- 
phorus in cast steels, in cast iron and in scale-resisting 
steels—in the latter because of increased scale resistance— 
give no suggestion as to the advantageous use of phosphorus 
in producing high temperature strength and resistance to 
deformation. 

Curiously, one of the first indications which suggested 
that phosphorous steels might possess such properties as 
would make them suitable and desirable for use at elevated 
temperatures made itself felt during preparation of some 
of the steels previously tested. With them it was ob- 
served that greater power was required in forging and a 
larger number of passes was necessary in hot rolling to 
definite gages. These effects were observed to increase in 
Proportion as the phosphorus content of the steels was in- 
creased. Hence both short time tensile testing and creep 
testing of phosphorus-bearing steels were undertaken at 
elevated temperatures. 

Ellist® observed that a phosphorus-bearing steel was like- 
wise distinctly less forgeable than carbon steel of the same 
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Phosphorus As An Alloying Element 


IN STEELS FOR USE AT ELEVATED TEMPERATURES 


by H. ©. Cross and D. E. Krause 


carbon content. From his recent work on the forging 
behavior of ‘‘Cor-Ten,” ‘‘Man-Ten,” ‘Sil-Ten’’ and three 
straight carbon steels he concluded that the forgeability of 
“Cor-Ten” is distinctly less than carbon steel of the same 
carbon content and that the substitution of almost 0.75 per 
cent Si, about 0.5 per cent Cu, about 1.00 per cent Cr and 
about 0.15 per cent P for about 2.5 per cent Fe in a steel 
containing approximately 0.1 per cent C reduces its forge- 
ability at all temperatures up to about 1200 deg. C. (2190 
deg. F.). In this connection Ellis suggested that the fine- 
ness of grain may have had an important bearing upon the 
behavior of the steel. The indications are, however, that 
part of the reduced forgeability of ‘‘Cor-Ten’’ may be 
traced to the phosphorus which is present. 

In our work, steels were prepared from 15-lb. high fre- 
quency furnace melts that were treated with 0.10 per cent 
aluminum to effect grain refinement and which were sub- 
sequently forged and rolled to about 3/4-in. rounds, Their 
chemical compositions, set forth in Table I, show the types 
of steels employed in these tests. 


Short-Time Tension Tests at 
Elevated Temperatures 


EVERAL of the steels listed in Table I were employed 
for short-time tension tests at room temperature and 
at 750, 850 and 950 deg. F. They were tested after heat- 
ing to 1800 deg. F. for 14 hr. and air cooling, followed by 
reheating to 1250 deg. F. for 4 hrs. and air cooling. The 
data are shown in Table II and Fig. I. For comparison 
purposes data on a plain carbon steel KI’. ® with 0.17 C, 
0.42 Mn, 0.012 P and 0.035 per cent S whose tensile prop- 
erties were determined by a group of laboratories are also 
given. This steel was heat treated by air cooling from 1650 
to 1700 deg. F. after holding 1 hr., and provided the best 
available steel for comparison both as regards composition 
and heat treatment. An examination of the data empha- 
sizes the influence of phosphorus. 
Before proceeding with high temperature properties, the 
room temperature properties would seem to demand some 
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attention, if for no other reason than to confirm results 
of past experiences with phosphorus in the simple low car- 
bon steels. The rise in the tensile and yield strengths and 
the increase in the value of the yield ratio are marked as the 
phosphorus increases. Of equal interest, especially since 
phosphorus has received broad condemnation in the past as 
being particularly responsible for low toughness, is the 
fact that the Charpy impact values of steel No. 1679 with 
0.17 per cent P and steel No. 1680 with 0.31 per cent P 
are high and identical and that the elongation and reduc- 
tion of area values are reasonably alike and not much differ- 
ent from those for steel KI with only 0.012 per cent P. 


Phosphorus a Tonic 
Rather Than a Poison 


950 deg. F., although the higher phosphorus steel still 
manifests the best properties, the difference is no longer as 
great. Thus at 750 deg. F. the 0.35 per cent P steel No. 
1052 as compared with the 0.21 per cent P steel No. 877 
has a tensile strength which is 7000 Ibs. per sq. in. greater 
and a yield strength which is 8000 Ibs. per sq. in. greater, 
At 950 deg. F. these differences in the two properties are 
reduced to 2000 Ibs. per sq. in. and 5000 Ibs. per sq. in. 
respectively. 

Data are not available for direct comparisons with the 
low phosphorus steel KI; nevertheless it is evident that the 
higher phosphorus steels have much the better properties 
at the temperatures mentioned. At 950 deg. F. the 0.21 per 
cent P steel No. 877 is superior in yield to steel KI at 
800 deg. F. The respective tensile strengths under these 


conditions are somewhat in favor of steel KI but this might 
be offset by further alloying with phosphorus. Steel No. 
1052 containing 0.35 per cent P as an example has the 
same tensile strength at 950 deg. F. as steel KI has at 
800 deg. F. 

An additional 1 per cent Cr in steel with 0.20 per cent 
P (steel No. 1053), while not improving the yield at room 
temperature but improving the tensile strength, produces 
better tensile and yield strengths at the elevated tempera- 
tures. The case is particularly noticeable at 850 and 950 
deg. F. where substantial differences occur between prop- 
erties of steel No. 877 and steel No. 1053. The spread 
widens at the higher temperatures indicating that the 
chromium additions are more effective with high phos- 
phorus in the higher temperature bracket. 

With these promising short-time high temperature tcn- 
sile data at hand one naturally wonders whether this would 


The implications are clear that in mild steels phosphorus 
may, as Sauveur® nicely phrased it, serve as a tonic rather 
than a poison. The gains derived from increased tensile 
and yield strengths through its use in moderate quantities 
can more than offset the slight decline in toughness or 
ductility. 

This increased strength, brought about through alloying 
with phosphorus, holds at elevated temperatures. In Table 
II steels No. 877 and No. 1052, for example, show that an 
increase in phosphorus content increases the tensile strength 
and yield strength without lowering the ductility. This is 
more noticeable at 750 deg. 5. and at 850 deg. F. At 





Table |.—Chemical Composition of Phosphorus Steels Used in the 
Short Time Tensile and Creep Tests 








~ oe 2 4g tg Beene lees 
1310 O10" 0:20" O40" O02" Tone ode the good short-time tensile Kav = 
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begun at 850 deg. F. and at 950 deg. F. with loads of 


* Values marked with asterisks are intended values. 











Table 11.—Short-Time Tensile Properties of Phosphorus Steels. 











Composition Tensile Charpy 

Heat = ————— Ur Temperature, Strength, Yield Elongation Reduction Impact Heat 

No. Cc P Cr deg. F. Ibs. per sq. ir. Strength, in 2 in., of Area, Resistance,  Treat- 

Ibs. per sq.in.(A) per cent per cent ft. Ibs. ment 

KI 0.17 0.012 Room 55,500 30,000 40 67 * (D) 
KI 0.17 0.012 800 45,000 20,000 45 80 eta (D) 
KI 0.17 0.012 1000 26,000 15,000 60 90 re (D) 
1679 0.12 0.17 o¥s Room 67,500 45,000 33 67 37 (B) 
877-5 0.07 0.21 tiene 750 68,800 26,600 43 70 ‘i (C) 
877-3 0.07 0.21 sae 850 56,750 25,700 40 76 (C) 
877-4 0.07 0.21 2% 950 42,750 22,200 60 87 (C) 
1680 0.12 0.31 ied Room 79,500 56,000 34 62 37 (E) 
1052-4 0.10 0.35 Kern 750 76,500 34,400 38 63 he (C) 
1052-3 0.10 0.35 ors 850 63,350 33,400 59 76 (e 
1052-5 0.10 0.35 .ae 950 44,900 27,000 65 84 (C 
1703 0.13 0.18 0.94 Room 75,200 45,500 36 69 39 (F) 
1053-3 0.10 0.20 1.00 750 69,750 28,500 35 70 - (C 

1053-4 0.10 0.20 1.00 850 63,250 28,400 41 78 ( 

1053-5 0.10 0.20 1.00 950 48,400 27,500 50 85 (C) 


A—Yield strength taken as stress to produce permanent set of 0.2 per cent. 
B—1725 deg. F.—™% hr.—air cooled. 

r C—1800 deg. F.—% hr.—air cooled—1250 deg. F.—4 hrs.—air cooled. 
D—1650 to 1700 deg. F.—1 hr.—air cooled. 

E—1800 deg. F.—% hr.—air cooled. 

F—1725 deg. F.—™% hr.—air cooled. 


Procedure of test was according to A.S.T.M. Specification E21-34T. 
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12,000 Ibs. per sq. in. employing steels Nos, 877, 1052, 
1053, 1210, 1211 and 1212 whose compositions are shown 
in Table I. The studies later embraced the more highly 
alloyed steels Nos. 1730, 1734, 1747, 1750 and 1892 not 
only at the above temperatures and loadings but also at 
higher loadings. Table III summarizes the creep prop- 
erties which were obtained. 

The time-deformation curves for steels Nos. 877, 1052, 
1053, 1210, 1211 and 1212 are shown in Fig. 2, those for 
steels Nos. 1747 and 1892 are shown in Fig. 3, and those 
for steels Nos. 1730, 1734, and 1750 are shown in Fig. 4. 


First consideration might be given to the creep properties 
of the same steels used in the short-time tension tests. All 
were tested at a load of 12,000 Ibs. per sq. in, at 850 deg. 
F. The detailed results of the tests in Table III and the 
time-deformation curves appearing in Fig. 2 show the 
marked effect in steels Nos. 877 and 1052 of the increase 


of the 


phosphorus content from 0.21 to 0.35 per cent. 


After a short initial period of decreasing rate of deforma- 
tion (about 100 hrs.) steel No. 1052 with 0.35 per cent P 
deformed at a rate considerably slower than steel No. 877 


with 0 


21 per cent P. With both steels the rate of de- 


formation decreased steadily over the first 800 hrs. Com- 
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Fig. 2. Time-Deformation Curves at 850 and 950 Deg. F. 
for Steels Nos. 877, 1052, 1053, 1210, 1211 and 1212. 
For their detailed chemical composition, see Table I. 
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paring the two steels at the 1000-hr. period, the 0.21 per No. 1211-10 Cr AS50P 
cent P steel showed a rate of 0.000074 per cent per hr. 0.2 
while the 0.35 per cent P steel showed a rate of only + QI 
. . . J L No. /2/2-/0Cr A50Mo 
0.00001 per cent per hour. Increasing strain-hardening aa » An bk . 
resulted in a further reduction of the rate for the 0.21 Sone 850 DEG.F. 12,000 LBS. PER SQ. IN. 
per cent P steel to 0.00004 per cent per hr. at 1500 hours. = 877-1 -A20P 
An index of the total deformation for these two steels c 04 Slope for Q0000/ percent per hour 
after | ),000 hrs. can be secured by extrapolating the time- ~ & 
deformation curves using the final rate of deformation E 02 No. /052-/ -0.35P 
e . ° . » 
when ‘he tests were discontinued. This gives a calculated & og 
total formation of 0.865 per cent for steel No. 877 with A 01-0 No.1053-1-10Cr 0.20P 
0.21 pr cent P and 0.22 per cent for steel No. 1052 with No. 1210-2-10Cr 0.20 
0.35 cent P. 0-01 
These data clearly indicate the beneficial effect of phos- 0 200 400 600 800 1000 1200 1400 
phorus when compared with data for a normalized 0.17 Time- Hours 
Table ||| —Creep Test Data for Phosphorus, Chromium-Phosphorous, Chromium-Molybdenum and Chromium-Phosphorus-Molybdenum Stee!s. 
At 1000 Hrs. Total 
f A ~ Defor- 
S Rate of mation 
, Tempera- Dura- Initial Defor- Total at Chemical Composition—P-r Cent 
Speci- ; tureof Load, tionof Defor- mation, Defor- 10,000 -— A —_—_——, 
men keadings Test, Ibs. per Test, mation, percent mation, hrs. SS Cr P Mo Si Remarks 
No. Taken at deg. F. sq. in. hrs. percent per hr. per cent 
877-1 Front 850 12000 1510 0.035 0.000074 0.48 0.865 0.07 aes 0.21 Rate 0.00004 h 
877-1 Back 850 12000 1510 0.069 0.000074 0.525 co? an ee “at 1300 ne ee 
1052-1 + Front 850 12000 1050 0.063 0.00001 0.15 0.22 0.10 ot 0.35 
1052-1 Back 850 12000 1050 0.043 0.00001 0.11 att 0.10 “<i 
1053-1 Front 850 12000 1060 0.046 0.00001 0.075 0.18 0.10 1.0 0.20 
1053-1 Back 850 12000 1060 0.066 0.00001 0.102 aa 0.10 1.0 0.20 oy 
1210-2 Front 850 12000 1130 0.042 0.00001 0.092 0.167 0.10 1.0 aid 0.20 
1210-2 Back 850 12000 1130 0.067 0.00001 0.075 che 0.10 1.0 ae 0.20 
1211 Front 950 12000 1175 0.032 0.00005 0.112 0.674 0.10 1.0 0.50 °F 
1211 Back 950 12000 1175 0.079 bina 0.10 1.0 0.50 a 
1212 Front 950 12000 1019 0.062 0.00001 0.098 0.18 0.10 1.0 0.03 0.50 
at Back 950 12000 1010 0.055 0.00001 0.083 ee 0.10 1.0 0.03 0.50 = 
i736 Front 850 20000 210 0.105 0.0122 2.972 over 0.16 baits 0.18 ae 1.0 1.0% Cu—discontinued 
1730 Back 850 20000 210 0.114 0.0122 3.005 0.125 0.16 0.18 aes ee at 210 hrs. 
sea Front 950 12000 1175 0.064 0.000075 0.225 0.904 02.11 aoa oe 
1892 Back 950 12000 1175 0.070 0.000075 0.236 “ae, aa, ali 
he Front 950 12000 1410 0.067 0.00001 to 0.130 0.236 0.17 0.92 0.17. 0.20 ve 
Hay Back 950 12000 1410 0.052 0.000015 0.103 <<. a Be 62 O20 as 
see Front 850 20000 1375 0.070 0.000055 0.170 0.697 0.16 0.97 0.32 sad 1.05 0.37% Cu 
738 Back 850 20000 1375 0.132 0.000055 0.248 ue ne 2 SS 2 1.05 
the Front 850 20000 1375 0.081 0.000010 0.144 1®0.213 «20.18 2.38 # «0.17 ~ «0.21 ue 
ae Back 850 20000 1375 0.120 0.000010 0.100 my, 0.18 2.38 0.17 0.21 Sali 
th Front 850 28000 1685 0.122 0.000015 0.187 0.327 0.18 2.38 0.17 + # 0.21 hike 
yaya) Back 850 28000 1685 0.142 0.000015 0.206 nwt Be 28. > 2a sats 
17493) Front 950 12000 1488 0.064 0.000095 0.220 1.068 0.17 0.92 0.17 0.20 ad 
134) Back 950 12000 1488 0.052 0.000095 0.206 a Oh €2 4R i 
1734(3) Front 850 20000 1488 0.075 0.000085 0.230 1.018 0.12 0.97 0.27 ve 1.05 0.37% Cu 
1750¢0) Back 850 20000 1488 0.117 0.000085 0.287 wa ee aS Caer ey 1.05 
1730003 Front 850 28000 1488 0.151 0.000025 0.213 0.413 0.14 2.38 0.17. 0.21 iol 
Back 850 28000 1488 0.110 0.000025 0.163 wen oo * wank) ae 
Note: 
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Specimens tested as normalized and drawn except as indicated. 








(a)—Oil quenched and drawn. 
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per cent C steel with very low phosphorus which showed 
1 per cent total deformation in 10,000 hrs. at 850 deg. F. 
produced by a stress lying somewhere between 10,000 and 
11,000 lbs. per sq. in. Although loaded more heavily, 
the phosphorus steels showed a lower rate of creep and a 
smaller total deformation. 


Creep Values Improved by Cr and P 


A very marked improvement in creep resistance resulted 
from alloying 1 per cent Cr to a 0.20 per cent P steel. 
The creep properties of steel No. 1053 at 12,000 Ibs. per 
sq. in. and 850 deg. F. showed that the creep resistance is 
increased by the addition of 1 per cent Cr until this steel 
becomes comparable in creep properties with steel No. 
1052 having 0.35 per cent P but no chromium. The Cr-P 
combination is an effective one. 

Similar long-time tension tests were made to give an 
indication of the relative effects of phosphorus and molyb- 
denum in imparting creep resistance at elevated tempera- 
tures as well as of the possibility of substituting phosphorus 
for a portion of the molybdenum sometimes used. These 
additional tests permitted a comparison between two 1 per 
cent Cr steels containing 0.20 per cent P and 0.20 per cent 
Mo and between two 1 per cent Cr steels containing 0.50 
per cent P and 0.50 per cent Mo. Other tests on two 
steels, both with 0.20 per cent Mo and 0.17 per cent P 
but with 1 per cent Cr added to only one of them, per- 
mitted direct comparisons with a 1 per cent Cr, 0.50 per 
cent Mo steel as to the effect of substituting phosphorus for 
molybdenum in steel with and without the chromium. 

It was somewhat unexpected that the 1 per cent Cr 0.20 
per cent Mo steel No. 1210 should show only slightly bet- 
ter creep properties than the 1 per cent Cr 0.20 per cent P 
steel No. 1053. The difference in rates for the two steels 


is very small and since their total deformations are about 
equal, for all practical purposes at 850 deg. F. and 12,000 
lbs. per sq. in., the steels may be considered to possess 
comparable creep resistance. 

Steel No. 1211 with 1 per cent Cr and 0.50 per cent P 
and steel No. 1212 with 1 per cent Cr and 0.50 per cent 
Mo were expected to show better creep resistance than 
the other steels. For that reason they were tested at the 
same load of 12,000 Ibs. per sq. in. but at the higher tem- 
perature of 950 deg, F. 

The creep rate of steel No. 1211 at 1000 hrs. was about 
0.00005 per cent per hr. This was five times the rate for 
steel No. 1212. But as the rate for steel No. 1211 was 
steadily decreasing as the test progressed, the continued 
strain-hardening of this steel should ultimately lead to a 
very low rate of creep. Under these conditions it is nat- 
ural that the total deformation in 10,000 hrs, for the 
molybdenum steel should have been smaller than it was 
for the phosphorus steel. 


Effect of P Compared 
With That of Mo 


While, from the standpoint of creep resistance, the bene- 
fits of phosphorus in steel when employed alone or with 
chromium were definitely established, it remained to eval- 
uate the effect of combining phosphorus with other well 
known strengthening alloying elements. In this regard 
various combinations of phosphorus and molybdenum were 
selected and the creep resistance of steels containing these 
elements compared. 

Steel No. 1747 contained 0.92 Cr, 0.17 P, and 0.20 per 
cent Mo; steel No. 1892 contained 0.17 P, 0.21 per cent 
Mo and no chromium. These two steels when teste! at 
950 deg. F. and 12,000 Ibs. per sq. in. for a period extend- 











Table 1V.—Room Temperature Tensile and Impact Properties of Phosphorus Steels. 
, P Cr Cu Si Mo Mn Tensile Yield Elongation Reduction Charpy 
Heat No. % % % % % % % Strength, Strength, in 2 in., of Area, Impact, 
Ibs. per sq. in, lbs. persq.in. percent percent ft. Ibs. 
1892(A) 0.11 0.18 v 0.05 0.21 0.50 81,509 46,000 33 65 . 
1747(B) 0.17 0.17 0.92 0.10 0.20 0.53 79,000 51,500 31 69 41 
1747(D) 0.17 0.17 0.92 Sid 0.10 0.20 0.53 101.000 80,000 25 68 38 
1730(A) 0.16 0.18 np 190 1.01 +h 0.50 88.500 66,000 32 60 22 
1734(C) 0.12 0.32 0.97 0.37 1.05 0.60 102,000 71,500 31 64 29 
1734(E) 0.16 0.32 0.97 0.37 1.05 Pig 0.60 100,000 80,000 30 62 21 
1750(B) 0.18 0.17 2.38 eh 0.12 0.21 0.54 95,000 68,000 26 70 40 
1750(D) 0.14 0.17 2.38 0.12 0.21 0.54 108,500 91,500 23 66 27 
A—Normalized % hr. at 1725 deg. F.—air cooled. 
B—Normalized 1 hr. at 1700 deg. F.—air cooled—1250 deg. F.—1 hr.—air cooled. 
C—Normalized % hr. at 1550 deg. F.—air cooled. 
D—Heated 1 hr. at 1700 deg. F.—oil quenched—1100 deg. F.—1 hr.—air cooled. 
E—Heated % hr. at 1550 deg. F.—oil quenched—1100 deg. F.— i -hr.—-air cooled. 
Table V.—IiImpact Properties of Phosphorus Steels As Heat Treated and After Creep Test 
Charpy(A) Impact Time in Creep Test, Izod Impact Resistance, (B) 
Heat e Mn P Cr Cu Si Mo _ Resistance as Heat- Hrs, Ft. Lbs. 
No. % % % To %e % %o Treated, ft. lbs. =——- “~~ ~~ - a 
850 950 As Heat After Creep 
deg. F. deg. F. Treated Test 
877 0.07 0.37 0.21 aa 0.11 Ris 37(C) 1510 20, 26 46, 2.5 
1052 0.10 0.40 0.35 ks 0.10 AF. 23(C) 1050 Re 4.5, 2.5 
1053 0.10 0.40 0.20 1,00 0.10 pen 39, 37(C) 1060 o. 64, 97 75, 53 
1210 0.10 0.40 om 1.00 0.20 0.20 42, 41(C) 1130 sag eth oo! Gee over 110 
1211 0.10 0.40 0.56 1.00 as 0.20 ia Oty See eS 4 oeean re 4.0, 2.0 
1212 0.10 0.40 a 1,00 - 0.20 0.50 59, 57(C) a aan ie over 110 
1892 0.11 0.35 0.18 ape - 0.05 0.21 41, 40(D) ella eS Se pe 88, 91 
1747 0.17 0.53 0.17 0.92 ome “~ 0.20 42, 41(D) eee: 2 a 725-40 
1747 0.17 0.53 0.17 0.92 i oat 0.20 40, 36(F) Se —. <n 36, 51 
1734 0.16 0.60 0.32 0.97 0.37 1.05 atin 21, 22(E) 1375 ctu .. vu Rik e@es 7.0, 13.5 
1734 0.12 0.60 0.27 0.97 0.37 1.05 ea 21, 21(F) 1488 ae eae i ee 6.5, 7.9 
1750 0.18 0.54 0.17 2.38 er 0.12 0.21 30, 35(E) I sl onl a A Ns el a 26, 18 
1750 0.14 0.54 0.17 2.38 0.12 0.21 31, 25(F) Oe.) oie eos. ees eet 19, 17 
A—Charpy keyhole notch specimen. D—Drawn at 1250 deg. F. 
B—Standard round Izod impact test specimen—“V” notch. 


C—Tested as normalized without drawing. 
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E—Normalized and drawn at 1100 deg. F. 
F—Oil quenched and drawn at 1100 deg. F. 
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ing over 1000 hrs. showed rates of creep which differed by 
q factor of five, the difference being accounted for by the 
absence of chromium in steel No. 1892. Their time-de- 
formation curves may be found in Fig. 3. 

The important function of chromium in steels for high 
temperatures was again demonstrated by these tests. They 
indicated that molybdenum and particularly phosphorus 
exert a greater influence upon creep properties when 
chromium is present. They also demonstrated the im- 
ortant and interesting effect of phosphorus. The creep 
rate of steel No. 1747 at 950 deg. F. and 12,000 lbs. per 
sq. in. was almost identical to the rate of creep of steel No. 
1212 which contained only a nominal quantity of phos- 
phorus, 1 per cent Cr and 0.50 per cent Mo. The low 
molybdenum in conjunction with phosphorus in steel No. 
1747 was therefore almost equally as effective toward im- 

arting creep resistance as the 0.50 per cent Mo was in 
steel No. 1212. The total deformation of the latter steel 
was, however, somewhat less. 


P Acts Much Like W and Mo 


Without the implications of an established generaliza- 
tion, since it is dangerous to evaluate the effect of phos- 
phorus solely from tests of this nature, it would appear that 
phosphorus acts much like tungsten and molybdenum in 
bestowing creep resistance to steel and that phosphorus has 
the apparent ability to replace at least a portion of the more 
expensive molybdenum in some steels for high tempera- 
ture service without materially affecting the creep proper- 
ties. 

During the investigation on phosphorus as an alloying 
element in steels, a large number of heats were made 
using varying alloying combinations to which phosphorus 
was added. Several of these steels were tested in creep at 
850 dey. F. with the thought that they might possess good 


creep resistance along with desirable room temperature 
tensile properties which would make them suitable as low 
cost materials for bolting service at elevated temperatures. 
The room temperature properties of three of such steels, 


along with properties of steels Nos. 1892 and 1747, are 
given in Table IV. The creep test data at 850 deg F. may 
be found in Table III and Fig. 4, 

Creep testing was done at a load of 20,000 lbs. per 
sq. in. Steel No. 1730 with 1.00 Cu, 1.01 Si and 0.18 
per cent P showed the very rapid rate of deformation of 
about 0.0122 per cent per hr. and its testing was therefore 
discontinued after 210 hrs. Of the other two steels, steel No. 
1734 showed the greater rate of deformation. The creep 
fate of steel No. 1750 at a load of 20,000 Ibs. per sq. in. 
was about equal to the rate for steel No. 1747 at 12,000 
lbs. per sq. in. The principal difference between the lat- 
ter steels was their chromium content so that one can at- 
tribute the better creep resistance of steel No. 1750 to its 
higher chromium content. 

Without the chromium the creep properties of the phos- 
Phorus-copper-silicon steel were poor. The copper and 
silicon appeared to be of no definite help as such but, along 
with chromium, a phosphorus-bearing steel of good creep 
resistance was obtained. 

A final test was made on steel No. 1750 at a load of 
28,000 Ibs. per sq. in. at 850 deg. F., which showed a rate 
of creep and total deformation slightly higher than for that 
obtained at 20,000 Ibs. per sq. in. 


In an effort to develop, in several of the steels, higher 
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Fig. 3. Time-Deformation Curves at 950 Deg. F. for 
Steels Nos. 1892 and 1747. For their detailed chemical 
Com position, see Table I. 
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Fig. 4. Time-Deformation Curves at 850 Deg. F. for 
Steels Nos. 1730, 1734 and 1750. For their detailed 
chemical composition, see Table 1. 
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Fig. 5. Time-Deformation Curves at 850 Deg. F. for 

Steels Nos. 1734 and 1750 and at 950 Deg. F. for Steel 

No. 1747. (Tested as oil quenched and drawn.) For 
their detailed chemical composition, see Table 1. 


yield and tensile strengths which would make them more 
suitable for bolting service, tests were made on steels Nos. 
1747, 1734, and 1750 as oil quenched and drawn. The 
room temperature properties obtained are shown in Table 
IV, and the creep test data in Table III and Fig. 5. 

In steels No. 1747 and 1750 considerably higher tensile 
strengths were obtained from oil quenching and drawing as 
compared with the properties as normalized and drawn (see 
Table IV). The yield strengths were also increased ap- 
preciably; steels Nos. 1747 and 1750 showing greater ef- 
fects from the different heat treatment than steel No. 1734. 
Ductility and impact valves showed no significant change. 

In the creep tests, all three steels show higher creep 
rates as oil quenched and drawn than when normalized and 
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drawn. Steel No. 1750 most nearly approaches the creep 
resistance as normalized and drawn. 

These tests indicate that higher tensile and yield 
strengths are obtained by oil quenching and drawing only 
at the expense of creep resistance. 


impact Resistance of Phos- 
phorus Steels As Heat Treated 
and After Testing for Creep 


N former publications!, 3 it was shown that, in steel of 

suitably low carbon content, an increase of phosphorus, 
within definite limits, increases the hardness, raises the 
tensile and yield strengths but does not greatly affect the 
static ductility. For many purposes the steels still retain 
a satisfactory toughness as shown by their impact re- 
sistance. Use of phosphorus in combination with other 
elements, particularly chromium and to a lesser degree with 
nickel, copper and molybdenum tends to produce steel of 
somewhat better toughness. These factors are very im- 
portant when phosphorus steels are being considered for 
high temperature service. In no other field, probably, is 
a satisfactory room temperature impact resistance more in- 
sistently demanded than in the field where steels are 
intermittently used at elevated temperatures and are liable 
to be subjected to shock during shut downs. The data 
previously presented have indicated that the room tempera- 
ture toughness of steels not too highly alloyed with phos- 
phorus is satisfactory for most purposes. It still remains 
to show that the toughness is retained after the steels are 
subjected to prolonged heating at service temperatures. 

To some extent this information can be gained from im- 
pact tests on steels used in the creep tests. For determin- 
ing the impact resistance, round Izod impact test speci- 
mens were machined from the 0.505-in. diameter reduced 
section of the creep test specimens. In Table V are set 
forth the composition, the Charpy impact resistance of the 
steels as heat-treated, the temperature and the length of 
time the steels were at temperature and the Izod impact 
resistance of the steels after creep testing. 

In the heat-treated condition all the steels, with the pos- 
sible exception of steel No. 1211 whose impact was not 
determined, possessed a Charpy impact resistance of more 
than 20 ft. Ibs. Steel No. 1052 is unusual in this regard 
for normally a 0.35 per cent P steel is brittle in impact. 
Izod tests on the same steel after creep testing showed it to 
be brittle. 

The impact values of the steels, with the exception of 
steels Nos. 1052 and 1211, were still good after creep 
testing. Steel No. 877 had one low and one high impact 
value. This erratic nature of the impact is not an unusual 
occurrence among the ‘‘border-line’’ alloys, i.e., alloys con- 
taining 0.25 to 0.35 per cent P, though it appears to be ab- 
sent in steels with less than 0.20 per cent P. 

Steels Nos. 1210 and 1212 with the lowest phosphorus 
contents have the highest notch toughness. The natural 
consequence of alloying with phosphorus is to lower the 
impact, yet most of the phosphorus bearing steels, tested 
in creep, possess impact values above 40 ft. lbs. which is 
more than adequate to meet ordinary requirements. 





These impact tests indicated that, for service at elevated 
temperatures where it is important to maintain a satis- 
factory impact toughness, the phosphorus content of the 
steel can be substantial but not much above 0.20 per cent 
unless it is augmented by other alloying elements such as 
chromium, copper and molybdenum, in which case some- 
what more phosphorus can be tolerated. Where impact 
resistance or toughness are of no importance then, of 
course, larger quantities of phosphorus can profitably be 
employed. 


Summary 


HOSPHORUS raises the tensile strength and yield 

strength of 0.10 to 0.17 per cent carbon steel at tem- 
peratures of 750, 850 and 950 deg. F. with little change 
in static ductility. 

Phosphorus likewise produces better resistance to defor- 
mation under sustained load at elevated temperatures as 


determined by long-time tension or creep tests. 
Phosphorus exerts a greater influence on the creep re- 


sistance in the presence of chromium. 

Phosphorus acts much like tungsten and molybdenum in 
imparting greater tensile and yield strengths and resistance 
to deformation under sustained loads at elevated tempera- 
tures and there are indications that phosphorus might cco- 
nomically be used to substitute partly for some molybdenum 
commonly used. 

When used in various combinations with chromium, 
molybdenum, copper, silicon and manganese with carbon 
contents up to about 0.18 per cent, phosphorus additions 
show promise in producing low cost steels suitable for bolt- 
ing stock used at elevated temperatures. 

When used in proper alloy combinations, steels to which 
phosphorus has been added show a satisfactory notch 
toughness as heat treated and also after exposure to tem- 
perature in the creep test. 
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METALS AND ALLOYS IN THE 


Printing Industry—ll 


by B. W. Gonser and $. Epstein 


Battelle Memorial Institute, Columbus, Ohio 


Thi the second installment of a series of four on this subject. 
Part | «as published in the January issue. The discussion is an- 
other the series of articles on the general topic of the Metal- 
lurgical Needs of the Non-Metallurgical Industries —Editor. 


TYPE METALS 


HE ‘cad-tin-antimony alloys were used for type metals 


fro') the earliest beginnings of printing and virtually 
the sari alloys have remained in use to this day. This 
is beca: sc they have several outstanding advantages, among 
these ig low-melting point, good castability (running 
easily n molten and filling out the mold well), ready 
variatio: in hardness, and cheapness. It was formerly 


thought that the reason type metals filled out the mold so 
well was because they expanded on solidification. This 
has now been shown to be untrue, the type metals actually 
contracting on solidification.! However, the amount of 
contraction is considerably less than with other alloys. 

The table shows the approximate compositions of the 
type metals. Electrotype metal which is merely used for 
backing up the electrotype shell, as will be described later, 
is the softest of the type metals. Linotype is next. As has 
been stated this is seldom used for direct printing, matter 
set in linotype slugs being usually duplicated. The size of 
the linotype slug permits the use of a weaker alloy but de- 
mands easy and rapid solidification, such as is obtainable 
in an eutectic alloy. Linotype metal is approximately at 
the composition of the ternary lead-antimony-tin eutectic. 
Stereotype and monotype metal are harder, and foundry 
metal is the hardest of the type metal alloys. 

The compositions of the alloys shown in the table are 


Table of Approximate Compositions of the 
Type Metals, Lead Base. 


nti- 


s Tin, pmony, Melting Point _Brinell 
ercent Per cent Deg. C. Deg. F. Hardness 
Electrotype 3 3 98 570 14 
qinotype 4 12 246 475 22 
Marcotype 6 14 260 500 24 
Found 8 16 268 515 26 
undry 14 24 318 605 32 
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only approximate and may be varied considerably, although 
the several classes indicated are usually kept separate. On 
the other hand, attempts have been made to use the same 
“universal metal” for both the linotype and monotype 
casting machines. The Government Printing Office has 
been doing this for over a year, using the same 6 per cent 
tin and 12 per cent antimony alloy in its linotype and mono- 
type machines. The advantage of such a system is, of 
course, the convenience of remelting and adjusting only 
one metal composition instead of two. The question is 
whether this simplification in metal handling is sufficient 
to outweigh possible disadvantage attending the somewhat 
higher operating temperatures required for the linotype ma- 
chine, and the somewhat softer type obtained from the 
monotype machine. 


The Zinc-Aluminum Alloys 


The advantages of the lead-antimony-tin type metal al- 
loys will be well illustrated by discussing another series of 
alloys, namely the zinc-aluminum alloys. 

While the hardness and ductility of the type metal alloys 
are on the whole very satisfactory, they leave something to 
be desired for certain purposes. In stereotyping, for ex- 
ample, a considerably stronger, harder, and at the same time 
more ductile alloy than can possibly be obtained from or- 
dinary type metal alloys, would be a decided improvement. 
The use of the zinc-aluminum alloys has therefore been 
suggested. These are alloys of zinc with about 6 per 
cent aluminum. About 1 per cent copper may also be 
added. 

Such alloys have about four to five times the hardness of 
ordinary stereotype metal and are at the same time tougher 
and more ductile. Their melting point, about 725 deg. F., 
is about 225 deg. F. higher than that of stereotype metal. 

Although stereotype paper mats can be made to with- 
stand the casting temperature of about 835 deg. F. required 
with the zinc-aluminum alloys, there are also other dif- 
ficulties. The contraction of these alloys on solidification 
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The Main Casting Room of the American Type Founders Co., in Which is Cast Foundry Type Made from Special 
Formulas of Lead, Antimony, Tin and Copper. This room contains 202 automatic type-casting machines, each of which is 
capable of casting 14,000 individual pieces of small size type (6 point or 0.083 in.), or 1,800 pieces of large Size, Such as 
72 point or 1” h high ty pe. The long ral iz mn the foreground contain ty pe from the machine before being packed as 1 tS, 


and on cooling to room temperature is considerably greater 
than for the ordinary type metals. The zinc-aluminum al- 
loys do not have sufficient fluidity in the molten state to fill 
the mold or reproduce fine detail and they tend to crack 
when cast in thin and irregular shapes, probably due to 
their greater shrinkage. Efforts are still being made to 
overcome these difficulties, but the use of the zinc-alu- 
minum alloys has not as yet become practical. 

An aluminum-silicon alloy containing about 95 per cent 
aluminum and 5 per cent silicon, generally “modified” to 
give better casting properties, is used to a very limitec 
extent to make so-called aluminotype printing plates. The 
melting point of these alloys, about 1,200 deg. F., is too 
high for casting into paper mats so the mold is made of 
plaster of Paris. The alloy is not affected by the chemicals 
in colored inks, and the plates may be made either curved 
or flat for reproducing type matter or the coarser half- 
tones. Because of the lightness of these plates they are 
used for shipping advertising plates, etc., especially to for- 
eign countries, to save postage. 


impurities, Dross and Casting Prop- 
erties of Pb-Sb-Sn Type Metals 


Certain impurities in type metals are quite detrimental, 
but this is so well known that ample precautions are gen- 
erally taken to avoid such contamination, and troubles from 
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the source are rare. Copper in amounts as low as 0.1 pet 
cent is harmful because it combines with tin to form long 
needle-like crystals of high melting point and thus de- 
creases the castability and tends to clog up the orifices in 
automatic type casting machines. Zinc in amounts as low 
as 0.1 per cent is extremely harmful by spoiling the cast- 
ability and giving a granular metal. Aluminum has a sim- 
ilar effect. For these reasons strict precautions should be 
taken not to allow copper, brass, zinc, or aluminum in any 
form to get into lead-base type metals. 

Arsenic is also considered to have an injurious effect. 
However, arsenic in amounts up to 0.15 per cent or more 
apparently does no harm to the type itself and up to 0.7) 
per cent has been used to improve the castability and hard- 
ness. Arsenic has been suspected, however, of having 4 
corroding effect on the nozzles of type casting machines. 
Arsenic volatilizes readily so that the amount of arsenic if 
any batch of type metal rapidly decreases. Since cadmium 
has properties so similar to zinc, one would expect that 
cadmium would also have a harmful effect in type metals. 
On the contrary, cadmium appears to have a good effect, 
and the addition of about 0.5 per cent of cadmium to type 
metals has been suggested to lower the melting point and 
increase the castability.® 

Dross is another form of impurity. To what extent type 
metal dross may remain behind in the melted metal, eithef 
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in solution in the bath or as entrapped fine particles, instead 
of floating up to the top, has not been determined. Ap- 
parently, contamination by dross is not a frequent cause of 
trouble. Fluxes, such as ammonium chloride or palm oil, 
may be used to deoxidize the bath and other deoxidizers 
might be useful. 

A more frequent difficulty from drossing is the impov- 
erishment of the bath in antimony and tin. These metals 
probably do not become oxidized more rapidly than lead, 
but since they are lighter or form a compound with each 
other which is lighter, they tend to rise to the top where 
they can be oxidized in greater proportion than the average 
concentration of the bath. This tendency to concentrate 
at the top also permits an abnormal percentage of metallic 
tin and antimony to be removed with the dross. To avoid 
undue drossing and particularly antimony and tin losses, 
the temperature of the melting pots should be kept as low 
as possible. The largest drossing losses occur in the melt- 
ing pots rather than in the type casting machines where 
the temperature is more closely controlled and the metal is 
better protected from the air. Electric or gas immersion 
heaters and well insulated pots are a great aid in giving 
uniform, closely controlled heating and a minimum of 
dross. The use of a non-oxidizing atmosphere over melt- 
ing pots logically offers a means of eliminating dross. In 
man ints the bath is stirred by bubbling compressed air 
throu the molten metal. A non-oxidizing gas may also 
be used for this purpose. 

The ability of the type metals to fill out fine detail in the 
iy be referred to as castability. Exactly why the 
tal alloys have such good castability is not very 
nderstood. The low melting point and the rela- 
all contraction on solidification are probably the 
ses. 
also been suggested that the low surface tension 
pe metals accounts for their good castability. Sur- 
yn is the force which tends to break up a falling 
eam into drops. Thus it has been held that the 

h keeps a drop of molten metal spherical also 


Plaster Mold Broken from Aluminotype. 
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Opposes its entering a fine depression or opening in a mold. 
Of course, surface tension would only have an appreciable 
effect when the opening in the mold is very fine—indeed, 
of capillary or hair-fine dimensions. A force opposing 
surface tension, sometimes termed wetability or surface at- 
traction, is an important factor in casting, hence the char- 
acter of the mold is a factor. 

White*> made a study of the surface tension of type 
metals by measuring the distance different type metals 
would fill out a very fine opening (1 mm. dia.) in a mold 
under standardized casting conditions. He found that the 
addition of zinc to type metal cast in air materially in- 
creased the surface tension. As zinc is known to be 
especially harmful to type metals this seemed to lend sup- 
port to the idea that the low surface tension of the type 
metals accounts for their good castability. However, he 
also found that the addition of sodium lowers the surface 
tension and apparently this metal does not appreciably im- 
prove the castability. In castability tests White+ found 
that the composition of the metal, the casting temperature 
and the mold temperature’ are much more important in 
determining the castability than any differences in surface 
tension produced by the addition of zinc or sodium. 

These castability tests were made in spiral molds of 
relatively large diameter so the behavior for capillary open- 
ings as in fine detail type is still uncertain. It appears 
somewhat doubtful, however, that surface tension plays a 
very important part in the. good castability of the type 
metals. The detrimental effect of zinc may be due mainly 
to its injuring the mechanical properties through drossing 
and raising the melting point rather than through increas- 
ing the surface tension, 

Cast type and stereotypes frequently contain shrinkage 
cavities and blowholes. Type cast in a mold is chilled very 
rapidly on all sides so that the portions of the type contain- 
ing the cavities cannot be discarded as is done with the 
pipe’ in a hot topped steel ingot. All that can be done 
is to design the mold parts and control the casting tem- 
perature and cooling conditions so that the shrinkage cav- 
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A Perfect Impression in Plaster 
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ities will appear in the least harmful locations. With 
stereotype plates attempts have been made to apply pres- 
sure during the solidification stage and subsequently in or- 
der to close up shrinkage cavities. 

In regard to blow holes very little gas seems to be dis- 
solved in the melted type metals so that, on slow pouring 
into a mold, a sound ingot without blowholes is obtained, 
The blowholes observed in cast type or stereotypes, there- 
fore, must be due to the rapid casting, under pressure in 
some cases, and to the small size of the mold openings not 
permitting the air in the molds to escape. Recently the 
application of suction or vacuum has been very successful 
in drawing out the air within the molds in stereotype cast- 
ing and thus giving a stereotype without blowholes. Pos- 
sibly similar applications of vacuum to. other kinds of 
type casting can be made. 

The foregoing indicates the wide range of metal prob- 
lems encountered by those handling type metal. These 
should interest the mctallurgist because he can contribute 
toward a solution, and also because some of the remedies 
devised for type metal problems may prove of general 
metallurgical application. 
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Nudists 


From the notices of meetings of the Electrodepositors’ Technical 
Society “Supper December 4, at the White Horse Hotel. The 
occasion will be entirely informal and dress will be optional.” 
Dr. Blum might try this for some of the Electroplaters’ meetings, 
but we suggest that it be started in the summer. H.W.G. 
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In the editorial in the December, 1936, issue of Metats & 
ALLoys, page 330, the commentator discussing “Sponge Iron” says: 

One is the introduction of certain percentages (of sponge iron) 
in the raw material charges of elastic and other furnaces producing 
high grade steels (italics ours). 

Typographical errors can certainly give rise to ridiculous 
situations. 
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METALS AND ALLOYS IN THE 


Printing Industry—lll 


by B. W. Gonser and $. Epstein 


Battelle Memorial Institute, Columbus, Ohio 

Thi the third installment of a series of four on this subject. 
Part | published in the January issue with Part Il in February. 
The a ion is another in the series of articles on the general 
topic e Metallurgical Needs of the Non-Metallurgical Indus- 
irieés.- LOT. 


Electrotyping and Stereotyping 


A‘ s been explained, most printing is not done 

tly from original type or cuts, but from electro- 
type an. stereotype reproductions. Although surprisingly 
good re» roductions can be obtained by stereotyping, electro- 
typing 1s generally acknowledged to give the highest quality 


printin late, 


Elect:otypes are duplicate plates for letterpress printing. 
They be made from type, original photoengravings, 
or from clectrotype patterns called pattern plates, or any 
combin.':on of these. A subject to be reproduced is mold- 
ed into .irmed wax. The surface of the wax mold is then 


rendere« clectrically conductive by graphiting and is copper 
plated with copper or copper and nickel, the plated shell 
so formed being about 0.007 in. thick. The copper shell 
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Finishing. After 

rough planing the 

cast nearly to final 
thickness, imperfec- 
tions are corrected by 
hand. ( Courtesy: Rapid 
Electroty pe Co.) 





is thus an exact reproduction of the original. It is stripped 
from the wax mold, trimmed, ‘tinned’ on the back, and 
backed by casting electrotype metal on it. After solidi- 
fication, the copper faced electrotype is brought to the de- 
sired thickness (generally 0.152 in. thick) by removing ex- 
cess metal from the back, and all parts of the face are 
brought up to a uniform printing plane by so-called finish- 
ing operations. 

As an indication of the relation between the electro- 
typing and metallurgical industries, it is to be noted that 
about 7,500 tons of electrotype metal are consumed yearly 
in the United States. Some of the drosses are re-smelted, 
adjusted to the correct composition, and returned, but this 
involves a metallurgical operation. About 1,500 tons of 
copper are also used yearly by the electrotypers. This is in 
the form of either rolled, cast, or electrolytic anodes, the 
relative consumption being on the order of 70, 30, 10, re- 
spectively. Nickel anodes of all forms are used. The 95 
to 97 per cent-cast anode is used by about 90 per cent of the 
electrotypers and high purity depolarized anodes by the 
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Molding. The wax case is dusted with fine graphite to prevent sticking and to act as lubricant, then the prin 
ing plate to be reproduced is forced into its surface. These hydraulic molding presses exert a pressure of 20 
to 400 tons but are capable of much higher pressures. (Courtesy: Rapid Electrotype Co.) 


Lead Molding Press. Instead of wax, soft impression lead may be used for very high grade work on certa 
§ J d ) - re) & 


types of plates. Heavy pressures are needed. This press will deliver a 2000-ton squeeze.. .(Courtesy: Rapid 
Electrotype Co.) 
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An stic Casting Machine. The electrotype shells are brushed with a soldering flux, strips of solder foil are melted on 
g J 





ler. Nickel consumption by the industry probably 
doe tt exceed 50 tons yearly. 


Moiding 


iolding into warmed wax, imperfections arise be- 
cause of dimensional changes, etc., in the wax. Graphit- 
ing, ‘1c outstanding nuisance of the electro-typing industry, 
has applied to make the wax electrically conductive. 
For thc finest electrotypes the molding is done at room tem- 
perature in sheet lead (impression lead) about 0.040 in. 
thick. Although this gives remarkably accurate reproduc- 
tions and no graphiting is required, lead molding has the 
drawback that very high molding pressures have to be used 
(as high as 20,000 Ibs. per sq. in.) which injures ordinary 


Coatine the Case. 


ing, fine iron filings are sifted over the mold and copper 
plating solution added to obtain a thin coating of freshly 


deposited copper. 


As a final precaution to facilitate plat- 


(Courtesy; Int. Assn. of Electrotypers.) 


the ks, and a heavy backing of electrotype metal cast over them. (Courtesy: Rapid Electrotype Co.) 


type and wood-mounted plates. For this reason lead 
molding is at present used only on properly prepared half- 
tones and special electrotypes of type matter and not for 
type matter direct. 

Attempts have been made to mold into thinner lead 
sheet in which less pressure might be required but so far 
this procedure has not yet been successful, and the applica- 
tion of lead molding for all classes of work still presents 
a difficult research problem. The possibility of making a 
softer lead seems remote since impression lead is already 
made very pure for maximum softness. Corroding lead is 
usually used for this purpose. Heating slightly during 
molding may result in appreciable softening. A typical 
analysis of the best quality of impression lead has been 
stated by Baker’ to be as follows: 


Routing. Excess metal that might interfere in printing is 
reduced below a printing level by routing or machining 
with a rapidly revolving spindle carrying a cutting tool. 
Done on both flat and curved plates. (Courtesy: Int. 


Assn. of Electrotypers.) 
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Electrolytic Tanks. Cases containing wax impressions or lead molds are suspended in these air agitated elec- 
trolytic tanks. (Courtesy: Rapid Electrotype Co.) 


Mat Making Machines. A thick damp sheet of special paper is placed over the type matter, blankets placed 
over it, and the whole dried under about 100 lbs, per sq. in. pressure. (Courtesy: Rapid Electrotype Co.) 











Per cent 


Aluminum 0.0001 
Antimony 0.0047 
Copper 0.0004 
Iron 0.0007 
Silver 0.0007 
Tin 0.0001 


Lead by difference 99.9933 


It is found that the surface of pure lead corrodes to 
some extent in the atmosphere. To overcome this, tin 
coated impression lead is used to a considerable extent. A 
solid sheet of rolled tin is attached to one surface of the 
lead ingot; welding occurs during rolling and one side of 
the lead sheet then has a highly polished tin coating. 

The solder foil used for tinning the backs of the electro- 
type shells is usually of the 35 tin—65 lead grade and is 
about 0.0015 in. thick. Up to about 1 per cent antimony 
does not seriously affect the fluidity of the solder. Copper, 
zinc, and aluminum tend to produce infusible crystals and 
should be avoided. The copper content should be kept 
below 0.07 per cent. Bismuth is not harmful, since it 
forms a low melting point eutectic. 

Attempts have been made to eliminate the nuisance of 

raphiting by chemically silvering the wax molds. The 
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ncreasé in Hardness and Strength of Electrotype Meta/ 
on Aging at Room Temperature 


iculty with this is that the silver film precipitated out of 
a silver solution onto the wax is very weak, tends to pull 
away from the wax, and to split soon after application of 


the current. Further attempts to solve this problem might 
be worth while. 


Plating 


The plating problems in electrotyping molds are in 
general similar to those in other electroplating work and 
good progress has been made in operating the copper and 
nickel solutions so as to obtain strong, ductile, uniform 
shells without pinholes or other defects. Longer runs are 
obtainable by first depositing a layer of nickel followed by 
copper than by plating the whole shell of copper. Some- 
times several alternate laminations of nickel and copper are 
made to obtain desired properties. The number of impres- 


sions obtainable with different kinds of electrotypes are 
given below’: 


Average 

Life of Plate, 

* Impressions 
‘lat copper electrotype from type-form 150,000 
Flat nickel electrotype from type-form 600,000 
Flat copper electrotype from half-tone 100,000 
Flat nickel electrotype from half-tone 300,000 
Curved copper electrotype from type-form 300,000 
-urved nickel electrotype from type-form 1,000,000 
































































The shell di | 


(Courtesy: Rapid Electr 


Molten Electrotype Metal Flowing into Casting Pan. 
be backed with 3/p in. of electroty pe metal, 


ty pe Co.) 


Curved copper electrotype from half-ton 200,000 
Curved nickel electrotype from half-tone 800,000 
Chromium plating over copper or nickel will double the above 
Original zinc etching 30,000 
Original copper halt-tone 50,000 

The values above illustrate how electrotyping increases 
the printing life, particularly for nickel types, the difference 
in life between type matter and half-tones, and the in- 
creased life of curved plates (rotary printing) over flat 
plates (flat bed printing). 

Nickel electrotypes are made by first electrodepositing 
nickel (0.002 in.) and then copper (0.008 in.) on the 
nickel coating. It is also possible to deposit nickel on the 


Equipment for Heat Treating Electrotypes. An electric immersia 
heated oil bath at the right is used for heating the cast plates to abol 
450 deg. F. They are quenched in the cold water tank (center) an 
oil removed in the cleaning tank at the left. (Courtesy: The Ace Ele 
trotype Co.) | 
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Curving a Plate in a Lead Jacket. Electrotypes are often curved for rotary press cylinders. Usually done by protecting th 
face of the plate with a thick rubber blanket and passing the whole several times through a heated three roll curve 
Aluminotypes and special non-stretch electrotypes are bent while encased in electrotype metal. (Courtesy; Rapid Electr 


ty pe Co.) 


Casting and Cutting Stereotypes. Stereotype metal, heated in the immersion gas-fired pot in the background, is cast v¢ 
tically against curved stereotype mats contained in cylindrical molds. The “tail” or excess casting is removed and toss 
back into the pot; the stereotype is trimmed ready for immediate use. (Courtesy: C. M. Kemp Mfg. Co.) 
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Stereotype Mat. (Courtesy: Rapid Electroty pe Co.) 


finished copper plate. There is a certain advantage in this, 
Si the nickel is not abraded off in the finishing, and the 
h ‘st nickel deposit will be where it is most needed, that 
is, on the printing surface of type and half-tone dots, rather 
than on the sides, walls, and non-printing areas. How- 


ever, it is the general opinion that a nickel deposit is more 
satisfactory when plated directly on the mold than as a 
facing of the completed plate. Most electrotypers are not 
equipped for chromium plating and this is one reason why 
chromium plating is mot more generally used on electro- 
types. Further work on improving nickel and copper solu- 
tions and on improving the engineering efficiency of the 
plating operation is being considered by the International 
Association of Electrotypers and Stereotypers®. 


Casting and Curving 


Backing the electrodeposited shell with electrotype metal, 
as now practised, is a simple, open-casting operation. The 
shell is stripped from the wax mold after loosening with 
hot water, a liquid flux applied, and the back covered with 
solder foil. It is then laid face down on a shallow casting 
pan which is set on top of molten electrotype metal in an 
Open pot. This melts the solder. Molten electrotype 
metal is poured into the pan and over the tinned shell. 
Temperature of pouring is held at about 650 deg. F., the 
pan temperature at about 425 deg. F. The pan is set over 
an Open air space during and subsequent to casting. 

Several defects may arise during casting which make 
Pfoper control of this operation important. Assuming a 
800d solid cast with good adherence to the shell, the metal 


may still be coarse grained if the casting temperature Is 
too high or if the metal is cooled too slowly. The coarse 
grains crinkle somewhat during subsequent curving (for 
rotary printing) and this will show through the shell, ap- | 
pearing as a “mottling” in the solids, i.e., in the solids and | 
halftones.° A more serious difficulty is the distortion 

which takes place during solidification. 












































As a consequence the face of the shell is not level and 
expensive straightening (finishing) operations have to be 
applied te bring the printing face up to a true plane. Fin 
ishing is one of the most expensive operations in electro- 
typing. Some positive means of keeping the face of the 
shell in contact with the plane surface of the pan during 
solidification, for example, by applying suction through the 
bottom of the pan, should aid in materially reducing fin 


ishing costs”, 


Making the Wax Case. A thin copper sheet is coated to a depth of 
I, in. or more with an Ozokerite base wax (m.p. about 120° F 
Before the wax cools a gas flame is played over the surface to assur 
(Courtesy: Rapid Electroty pe Co. 
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a mirror like solid molding face. 

















Lead Mold. Sheet lead before and after making the im- 
pression. Usually nickel is first deposited, then copper. 
(Courtesy: Int. Assn. of Electrotypers.) 





Wet Graphiting Machine. Some molds are given a wet 
coating as well as a dry coating of graphite. (Courtesy: Int. 
Assn. of Electrotypers.) 





Releasing a Shell from the Mold. By pouring hot water 
over the electro-deposited shell it is readily stripped from 
the wax mold. (Courtesy: Assn, of Electrotypers.) 
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Dimensional changes which disturb accurate register also 
occur during casting, but the most serious misregistering 
results from improper curving. 





Note: For color process half-tones the extreme difference 
of corresponding points in the final impressions should be not 
more than 0.003 in. To secure accuracy of register it is neces- 
sary that the dimensions of the plates should correspond only 
within about 0.005 in., as the effort is always made to have 
plates register exactly at their centers, so that half of the 
error then appears at each end. 


If the plate is curved cold, the outer side of the curve 
(i.e., the face of the electrodeposited metal) stretches, the 


amount of stretch being equal to the thickness of the plate 
divided by the outside diameter of curvature™. In one in- 





Sawing the Cast. The cast plate usually contains severa 
electrotypes which ave separated by sawing. Graphite : 
scrubbed from the face of the shell before this operation. 
(Courtesy: Rapid Electrotype Co.) 


genious method of curving which is used, the backing metal 
is heated to the point of incipient fusion so that it cannot 
exert any restraint on the shell. The effect is as though the 
backing were removed, and the thin copper shell then 
curves with practically no dimensional change. The heat- 
ing also tends to overcome mottling. Where a large num- 
ber of plates of the same size and curvature have to be 
used, it has been found feasible to cast them curved in a 
closed box, in a multiple casting machine. Closed casting 
has not proved practical, however, for ordinary commercial 
work because of the multiplicity of sizes and curvatures of 
plates, and variance in thickness, 


Heat-Treated Electrotypes 


As is well known the lead-antimony alloys, particularly 
those containing about 2.5 per cent antimony, are subject 
to age-hardening. By quenching from about 450 deg. F., 

(Continued on page 72) 
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Steel Reminiscences —II| 


(Continued from the January and February Issues) 


with the Norway Iron & Steel Co. in South Boston, 
Mass. There were three 10-ton furnaces, the usual 
charge being 12 tons. Practice there was like that at Nashua 
in that only Martin steel was made, but the wrought iron ad- 
ditions were hammered puddled blooms made in the plant. 
These blooms were low in phosphorus but contained of 
uurse considerable basic irony puddle cinder. 


M first job as steel melter was, from 1882 to 1885, 


First Position as Open-Hearth Melter 


T 


served first as works chemist, using my quick tests for 

ilyzing the metal while in the furnace, but soon was 

de day melter in charge of the shop. The usual prac- 

there had been to tap the furnace too soon after the 

rge was melted so that much of the steel was on the 

e of redshortness, particularly the softer grades. The 

s were dark-colored, earthy and irony and, if any was 

med on a top-cast ingot, it boiled there until frozen, as 

bon continued to be oxidized. The ingots cracked more 
ess in the first passes through the blooming mill. 

sy holding the charge in the furnace a little longer be- 

tapping, I fairly well corrected the redshort tendency, 

of the ingots thereafter showing in rolling but few 

anc small, if any, cracks. Though I did not know it then, 

I was in danger, in holding the charge, of trouble from too 

ho: metal which, had it come, I would not have recognized, 

or have known how to correct. 

\Ve made slabs, rolled on our blooming mill, which were 
rolled into plates for boilers and tanks at the Bay State Iron 
Co.'s mill which I have mentioned. We had six important 
customers for spring steel who made the same kind of car- 
triage springs. Yet each demanded a different grade of 
steel from the others, manifestly because their working and 
tempering methods were unlike. Some of this spring steel, 
untreated, had tensile strengths as high as 155,000 Ibs. per 
sq. in. with 13 per cent elongation in 2 in. 


Effect of High Silicon Pig 


At the Norway works I had my first experience with 
too high silicon in the pig iron of the charge for making 
spring steel. To obtain the high carbon specified, a pro- 
portionately great quantity of pig was required in the 
charge. The bath lay dead with almost no boiling action. 
Though the steel had the desired carbon, the customer com- 
plained of it and I did not know how to overcome the 
trouble, which merely needed a sufficient quantity of ore 
to be added. I did add ore sparingly to Jater heats but not 
enough to wholly rectify the quality. 


MARCH, 1937 


by Henry D. Hibbard 


Consulting Engineer, Plainfield. N. J. 


One experiment we tried at Norway was notable. The 
point had been raised by Dudley and others that silicon, as 
it had a stronger affinity for oxygen than manganese had, 
should be a more efficient deoxidizer of molten steel than 
the latter. The a priori reasoning went no further. No 
thought was given as to what would become of the silicic 
acid formed by the reaction, or what its effect on the metal 
would be. 

The manager proposed that we should try it which | 
was eager to do. I added to a medium grade heat enough 
silicon to kill it—about 0.30 per cent as I remember. The 
result was total failure. The steel cast into beautiful solid 
ingots but it was redshort to an astonishing degree. One 
of the ingots was broken into myriads of pieces by one pass 
through the blooming mill. It had no ductility whatever 
when hot. Added silicon may act quite differently from 
residual silicon in steel as this demonstrated. An addition 
of manganese was also needed whose oxide would flux the 
silica. The fusible particles formed would then coalesce 
and, more or less completely, depending largely on the 
time allowed, be floated up to join the slag. 

When I began work at Norway, the siemas there were 
built wholly of clay bricks which lasted for about 50 heats. 
Later we had silica bricks for the roof and walls of the 
melting chamber which were of course far more durable. 


Oil and Gas as Fuels 


Before I had charge there, a trial was made of melting 
steel with oil as fuel. The oil was gasified by feeding it 
with some air into a red hot steel vessel. ‘Without air the 
vessel would have become clogged by carbon deposit. The 
gas formed then flowed to the melting furnace. It was 
somewhat like producer gas. The method proved to be 
too costly and was discontinued before I took charge. 
There, as at Nashua, the melting was done solely by pro- 
ducer gas. 


Turns to Copper industry 


In 1885 and 1886 I digressed from steel to go to Butte, 
Mont., for the Parrot Silver & Copper Co., which had in- 
stalled the Manhes process for the pneumatic conversion 
of copper matte into metallic black copper. It was the 
first commercial plant of its kind, though Manhes had 
worked the process experimentally in France. He did not 
understand his own invention. He was troubled by cold 
heats, to avoid which he claimed that higher matte was 
needed, stating 72 per cent Cu in the matte as suitable. He 
could not get such matte and his heats worked cold, so to 
get more heat in his charge he added coke in the converter 
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which may have helped but did not cure the trouble. At 
the Parrot plant the same trouble from cold heats was ex- 
perienced and the same method tried, but skulls in the 
converter and irregular shape and weight of the ingots was 
common. Too much scrap copper was made. 

Before going to Butte, I felt that probably, from the 
point of heat supply, iron and sulphur in the Manhes con- 
verter would act somewhat as silicon and carbon do in the 
Bessemer steel process. That proved to be the case. Sili- 
con in the Bessemer process and iron in the Manhes burn 
to non-volatile products which remain in the vessel, raising 
the temperature there. But carbon in the one process 
and sulphur in the other burn to gases which, leaving the 
vessel, carry off heat. 


iron in Copper Matte 


At Butte I at once started to determine the percentage of 
iron needed in the matte to give hot enough heats and 
found it to be 14 per cent, which in our matte was that con- 
taining 62 per cent Cu. So I directed that thereafter no 
matte richer than 62 per cent should be made. That was 
easy as, however rich the roasted ore and concentrates were 
in copper, we had plenty of raw concentrates, all sulphides 
of copper and iron, to add to the charge, to lower the grade 
of matte as desired, whether smelted in cupola or reverbera- 


tory furnace. 
heats poured cleanly from the vessel to the molds making 


With iron not less than 14 per cent, the 


clean ingots with a minimum of scrap. No ladle was 
used. Now, of course, much lower mattes are blown suc- 
cessfully. 

One day, getting a whiff of gas from the copper con- 
verters, I noticed that it was more pungent than sulphurous 
acid, SOg, which results from burning sulphur in the open. 
Later I mentioned this to the late Richard Pearce of Den- 
ver and he offered the explanation that some of the sulphur 
was probably burned to sulphuric anhydride, SO3, which 
I have always accepted as correct. 

While I was in Butte, Eli Perkins, who was something 
of a globe-trotter, came there, and, after examination, he 
pronounced it the wickedest city on earth. Murders were 
frequent. When I went from the city to the smelter, about 
one mile, after dark, I walked in the middle of the road 
with my revolver in my hand, but the only time I used it 
was when attacked by a dog, whom a bullet sent off yelping. 

One day a dense fog or cloud settled on Butte and 
vicinity, and, by screening everything, checked nearly all 
outdoor activities. A man on horseback could not see tne 
zround, but had to dismount and lead his horse being 
barely able to see the trail by stooping down. Walking, I 
neatly bumped into a house which I did not see until 
almost within touch. (To be continued ) 





(Continued from page 70) 


hardness of electrotype metal can be doubled over that of 
the cast condition. Practical use is being made of this 
phenomenon in obtaining harder electrotypes which are 
less subject to washing in the press, which will stand larger 
runs, and which can be used for severe stamping and em- 
bossing operations!?. Jt is also considered that a stronger, 
heat-treated plate with a higher endurance limit may over- 
come fatigue cracking which sometimes occurs on the press. 

Of course, higher antimony and hence harder backing 
metal than electrotype metal could be used instead of heat 
treating. This is subject to many disadvantages, however, 
because a higher antimony metal is more expensive, does 
not adhere to the shell as well, is subject to segregation 
during the rather slow cooling in the pan, and is too hard 
and brittle for ease in finishing. The great advantage of 
hardening by heat treating is that the plate can be finished 
while it is still in the soft and ductile condition. Since one 
of the disadvantages of stereotyping is that stereotype metal 
is in general too brittle for finishing, possibly heat-treated 
electrotype metal could be used for this purpose, wherever 
there is time for aging to occur. 


Stereotyping 


Marked improvements is stereotyping have occurred 
recently because of the insistent demand for cheaper Jetter- 
press printing. Average quality stereotyping can be done 
for about one-half the cost of electrotyping. A fair quality 
half-tone work is possible with nickel-faced or chromium- 
faced stereotype plates of the better grade. The cost of 
preparing material for the highest grade stereotypes is very 
great and thus the resultant stereotypes cost as much as or 
more than electrotypes. 

Two important developments in scecmutptiie might be 
mentioned here, that of vacuum casting, and that of solidi- 
fying under pressure to eliminate shrinkage and to get more 
perfect reproduction. 
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In vacuum casting, the stereotype mat paper is placed 
on one side of the perforated wall of the vacuum casting 
box, a paper guard against the other perforated wall, and 
the stereotype metal is cast in between, under vacuum. A 
very solid casting with virtually no blowholes is obtained. 

In the process to eliminate shrinkage, the paper mat i: 
stretched over the type-form, locked, and the impression 
made by molding in a press. The back of the stereotyp: 
mat is shaved flat while still in contact with the form. The 
mat is then cast in a box, the shaved side being flush agains: 
the flat machined surface of the box. Pressure is applic: 
after the metal is poured into the box by raising up 
wedge-shaped copper strip, thicker at the bottom than a 
the top, in order to squeeze the stereotype metal solid 
during the mushy stage. At the same time a more perfect 
impression is obtained. Very close temperature control 
of the mat, metal, and box is maintained, and superior 
control of register on color work is claimed. 

For high-speed newspaper printing the cylinders rotate 
so fast that the centrifugal force tends to spread out the 
stereotype plates giving smudge printing. A stronger and 
lighter stereotype metal would be helpful here, for ex- 
ample, the practical development of the zinc-aluminum type 
metal alloys. So far this matter has been handled mechan- 
ically by incorporating ribs in the stereotype plates to re- 
duce the bulk and by using various holding devices for at- 
taching the plates to the press cylinders. 

(To be concluded) 
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AN X-RAY STUDY OF PREFERRED 


Orientation in Rolled Copper 


by H. V. Anderson and 


G.L. Kehl 


Director of X-Ray Research, Dept of Chemistry and 


Metallurgical Research Fellow, Respectively, 
Lehigh University, Bethlehem, Pa. 


The limitations of the preferred orientation in rolled copper has been studied by two 
X-ray diffraction methods. One method, suggested by Dr. W. P. Davey, consisted of 
obtaining a diffraction pattern of the specimen by “surface reflection”; the other method 
by transmission of the X-rays through thin sections of the specimen. 

The samples employed were electrolytic copper that had been subjected to light and 
heavy roll reductions by both straight rolling and reversed rolling. 

The surface orientation of the specimens was examined by the reflection type method 
and the results showed that straight rolling produced the same amount of preferred 
orientation as reversed rolling, for both heavy and light roll passes. 

The transmission patterns obtained from thin sections of the specimens indicated that 
below the original surface layer, reversed rolling produced a more random orientation 





— 





than straight rolling without apparent regard to the severity of roll reduction. 


tion, the individual grains or crystals tend to be 

broken up into smaller crystals. Accompanying this 
breaking up is a motion of rotation such that each crystal 
tends to fall into a system of preferred orientation which 
has 2 definite angular relation to the surface of the metal. 
The rolled crystals may orient themselves with respect to 
the axis of the rolls or to the rolling direction, or both. 

li X-rays are impinged onto a tilted specimen! and a 
photographic plate is placed behind the specimen, perpen- 
dicular to the incident beam, a diffraction pattern will re- 
sult, consisting of rings or intensified arcs. If the crystals 
of the metal under examination are relatively small and are 
in a random orientation, the diffraction pattern will consist 
of smooth, continuous rings. Larger crystals, still in a ran- 
dom orientation, will produce rings composed entirely of 
spots, evenly distributed over the rings. A preferred ori- 
entation will not give rings that are smooth, but a con- 
centration of spots, resulting in intensified arcs. From the 
very nature of X-ray diffraction, the shorter the arcs, the 
higher the degree of preferred orientation. However, the 
smoothness of the intensified arcs will depend upon the 
relative size of the crystals. 

The study of preferred orientation? is of great im- 
portance from two points of view. One is the possibility 
of better understanding the lattice forces within a metal; 
and the other, the changing physical properties of a metal 
when cold worked. The deformation of a single crystal 
takes place by a shearing motion along one or more of the 
crystallographic planes. This shearing will usually take 


W {EN A METAL IS SUBJECTED to a rolling opera- 
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place along the family of planes that have the largest inter- 
planar spacings, since it is between these particular planes 
the attraction of the atoms for the atoms on adjacent planes 
will be at a minimum. 

Hollabaugh and Davey*® have shown that the preferred 
orientation of rolled nickel and copper are identical in 
every respect, and that as the number of passes through 
the rolls increases, more and more of the crystal fragments 
are rolled into a preferred orientation. However, from the 
pass after which the noticeable orientation first begins to 
take place, the angular limits of the preferred orientation 
range remain constant for all succeeding roll passes. 


Scope of Investigation 


The purpose of this investigation was to determine 
whether or not straight rolling, as compared to reversed 
rolling for both heavy and light roll passes to the same 
total reduction, had any influence on the amount of pre- 
ferred orientation produced on and below the original sur- 
face. 


Samples Studied 


Four samples of rolled copper were employed in the 
investigation. All samples were rolled by Revere Copper 
& Brass, Inc., Rome, N. Y. The chemical composition of 
the electrolytic copper used was: 

Copper, 99.93 to 99.94 


Oxygen, 0.04 
Arsenic, sulphur, etc., Remainder 


Sample No. 1 was rolled from a sheet at 0.168 gage 
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down to 0.050 gage by a series of seven passes, each pass 
giving a 10 per cent reduction. In addition, the sample 
was reversed end for end for each pass. 

Sample No. 2 was rolled from the same sheet as Sample 
No. 1 by the same 10 per cent reduction in each pass, 
except the rolling was done in one direction. That is, 
the same end of the sample was entered into the rolls for 
each pass. 

Sample No. 3 was rolled in the same manner as Sample 
No. 1 (reversed rolling) except the final gage was 
reached in four roll passes, 

Sample No. 4 was rolled in the same manner as Sample 
No. 3, except the direction of rolling was always the same 
as was the case with Sample No. 2. 


Sample No. 1 and 2 


Pass No. Resulting Thickness—-inches 
0 0.168 
l 0.151 
2 0.134 
3 0.117 
4 0.100 
5 0.084 
6 0.067 
7 0.050 


Sample No. 3 and 4 


Pass No. Resulting Thickness—inches 
0 0.168 
l 0.120 
2 0.081 
3 0.065 
4 0.050 


Apparatus and Technique Employed 


All diffraction patterns were made on a General Electric 
diffraction apparatus, equipped with a Coolidge molyb- 
denum target X-ray tube. The X-ray beam was defined 
by a series of pin-hole slits, and to insure nearly mono- 
chromatic radiation, ZrO, filters were employed. 

As suggested by Davey!, the diffraction patterns were 
obtained by diffracting the incident beam from the surface 
layers of the specimens. The specimens were tilted approx- 
imately 15 deg. to the horizontal, such that the incident 
beam struck the middle of the specimen and a diffraction 
pattern registered on a photographic film placed 5 cm. from 
this point and perpendicular to the incident beam. 

Inasmuch as no calculation would give the exact angle 
at which to set the specimen, it was a matter of trial until 
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the correct angle was found. By examining a few trial 
exposures, it was found an incorrect angle would give elon- 
gated spots or a wide diffraction ring, and this condition 
would exist until the specimen was further tilted to a new 
angle. 

It was reasonable to assume‘ that the X-rays responsible 
for the diffraction rings on the film came from a layer not 
more than 0.0004 in. deep, measured perpendicular to the 
surface of the specimens. 

Two sets of surface “reflection type’’ diffraction patterns 
were made of each sample. One pattern of each sample 
was taken with the sample so placed that the direction of 
rolling and the incident beam were in a plane perpendicular 
to the surface of the specimen. In other words, the in- 
cident beam was impinged along the direction of rolling. 
Another set of patterns was taken with the beam impinged 
across the direction of rolling. An exposure of 72 hrs. was 
found necessary to give a satisfactory pattern without the 
use of intensifying screens. After a diffraction pattern 
had been made, the specimen was removed from its holder, 
and the incident beam allowed to strike the film for 10 
sec., thus registering a zero point. 

Transmission patterns were made of each sample, the 
X-ray beam passing through the specimen perpendicular 
to the surface. A photographic film was mounted 6 cm. 
from the specimen, perpendicular to the X-ray beam. The 
transmission specimens were prepared from the original 
samples by a careful etching with cold nitric acid to a thick- 
ness of 0.0098-0.0100 in. An exposure of 48 hrs. was 
found to give satisfactory patterns. 


Attainment and Study of Results 


Positive prints were made of all the diffraction patterns 
The ‘reflection type’’ prints were mounted on stiff paste 
board to facilitate handling and making the necessary no 
tations on the print. On all the patterns taken with th 
beam impinging along the direction of rolling, it was foun: 
that there was no indication of preferred orientation, an 
consequently the patterns were of no use in our investiga 
tion except to check the planes responsible for the diffrac- 
tion rings and compare these with those found on the 
across direction of rolling patterns. 

The patterns obtained with the X-ray beam impinging 
across the direction of rolling showed a decided preferred 
orientation. By very carefully measuring the radii of the 
arcs, the zero point caused by the undeviated beam serving 
as the center, the planes responsible for the arcs were cal- 
culated. 

Referring to Fig. 1, it can be seen that r= 5 tan 28, 
where r = radius of each individual arc, and 26 the angle 
between the incident beam and the diffracted beam. By 
the use of the above equation and Bragg’s law, the planes 
responsible for the diffracted arcs could be calculated. 

Fig. 2 is typical of all the diffraction patterns obtained 
with the X-ray beam impinging across the direction of 
rolling. 


Calculated Planes of Diffraction Rings 


Ring No. Radius-Cm. dix! Indices 
l 3.25 1.266 200.2) 
2 4.05 1.077 110,2) 
3 4.27 1.038 311 
4 5.36 0.901 11lq@ 
5 6.20 0.832 331 
6 6.55 0.808 210 ¢2) 
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As shown in Fig. 2, lines were drawn irom the zero 
point through the extremities of the intensified arcs and 
the angle which these lines made with each other for each 
particular arc was recorded. This procedure was followed 
for all prints. 


Discussion of Results 

Inasmuch as the angles between the respective arcs were 
the same for all the “reflection type’ patterns and the in- 
tensities of the corresponding arcs were practically identical, 
it was evident that neither the method of rolling nor the 
severity of rolling to the same total reduction had any 
influence on the amount of preferred orientation produced. 
Since the “‘reflection type” patterns were obtained from a 
surface layer not more than 0.0004 in. deep, this conclusion 
held only for the original surface. 
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Fig. 2—Sample No, 1, X-Ray Beam Impinged Across Direction of Rolling. 


It was reasonable to believe that a reversed rolling oper- 
ation should produce a more random orientation than 
straight rolling. As the specimens are reversed end for 
end after each pass, more and more of the crystal frag- 
ments are broken up, but the fragments tend to arrange 
themselves in accordance with the pass direction. That 
is, the fragments are rocked back and forth until the final 
roll pass, ultimately producing a more random orientation 
than straight rolling where the crystal fragments are always 
rolled in one direction. 





However, as mentioned heretofore, the ‘‘reflection type” 
patterns indicated no differences in the preferred orienta- 
tion on the surface layers of the various specimens. The 


transmission patterns obtained from the specimens whose 
original surface had been removed by a cold nitric acid etch, 
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Fig. 3—Sam ple No. 1, Reverse Rolled—7 Passes. 


showed a more random orientation existing in those spect- 
mens rolled by reversed rolling than those rolled by straight 
rolling. Our conclusions were based on Figs. 3, 4, 5, 
and 6, which show evidence of two concentric rings in 
Figs. 3 and 5, which are not to be found in Figs. 4 and 6. 
The presence of these two rings is indicative of a more 
random orientation. In examination of the films, there 
were no apparent differences to indicate that the severity 
of rol! reduction had any influence on the resulting orien- 
tation. 


Summary 


The results indicate that the amount of preferred orien- 
tation produced on the surface of rolled copper is not in- 
fluenced by the method of rolling, provided the total re- 
duction is the same. 

The transmission patterns show that below the original 
surface (at least below 0.0004 in.) a more random orienta- 
tion is produced by reversed rolling than by straight rolling. 


Fig, 5.—Sample No. 3, Reverse Rolled—4 Passes. 


Fig. 4.- -Sam ple No. 2, Straight Rolled—7 Passes. 


The severity of rolling to the same total reduction by 
both reversed rolling and straight rolling has no influence 
on the amount of surface or interior preferred orientatiot 
produced. 
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Fig. 6.—Sample No. 4, Straight Rolled—4 Passes. 
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Heav Duty Turret Lathe at W ork Removing 60 Cu. in. a Minute 
Pressure on the cutter 1s nearly 15,000 Ibs. 
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Fig. 1.—-Radiograph of a Soldered Composite Copper-Gold Plate. 
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Fig. 2.—Macrograph of a Cross Section between the Two Points 


A and A in Fig. 1. Etched with ammonium persulphate. Magnifwation 5X. Fig. 3—Drawing of Cross Section of Composite Plate. 


RADIOGRAPHY OF 


Composite Gold Plate 


by W. J. Wrighton and Tracy C. Jarrett 


Metaliurgists, American Opticai Co., Southbridge, Mass. 


ADIOGRAPHY TODAY has proven to be of great 
value in industry. Although it has been applied gen- 
erally to the ferrous and non-ferrous fields, it is the 

object of this article to show how it can be of value in the 
field of precious metals. 

In making a study of metal castings radiography is of 
great value in developing the technique. A similar study 
can also be applied to the soldering of two dissimilar metals. 

The operator in charge has certain conditions that are 
easily controlled, while others are very difficult. It is pos- 
sible by the use of radiography to study these uncertain 
conditions which will lead to proper technique. In the 
soldering of a composite gold plate the operator has but 
the measured temperature of the furnace and his eye to 
judge when the job is finished. In a great many cases the 
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plates look as if they were well soldered, but upon further 
investigation, as revealed later, this is not the case. 

Fig. 3 is a cross sectional view of a composite gold plate 
that shows how the assembly is made, the solder being 
placed between the gold and copper base plate. The gold 
plate is about 1% in., the copper plate about 1/4 in. and 
the sheet of solder a few thousandths. The assembled 
plates are then placed in steel clamps and heated at a tem 
perature sufficient to allow the solder to become molten, 
thus joining the two plates. After soldering and while 
still hot, the assembly is placed in a press and pressure ap- 
plied, forcing the two plates into a more intimate contact. 

A radiograph of a composite plate is shown in Fig. 1, 
with the cross section taken between the two points A and 
A. Throughout this entire radiograph, more or less dark 
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Fig. 4. 





st and spots are noticed with a very pronounced por- 
tic tween the points A and A. The macrograph, Fig. 
2, lly shows that the sheet of solder between the plate 
w t molten at the soldering temperature. In portions 
of ; cross section where the solder did flow, a porous 
con ition exists. In all cases it is practically impossible 
to ct a porous condition from the external surface. 


Fie. 4 is a radiograph of another soldered plate, showing 
a similar porous condition. In this case a very marked di- 
agonal streak is noticed above the line A and a rather 
large blotch between the points B and B. The macrograph 
(Fig. 5), a diagonal cross section immediately above the 
line A, shows a porous condition. Fig. 6, a cross section 
taken between the points B and B, reveals a similar porous 
condition, 

The radiograph, Fig. 7, shows a sound composite plate 
soldered in a similar manner, but with a slight variation in 
the technique. The macrograph of the cross section taken 
just below the line A is shown in Fig. 8. The solder line 
in this case is very sound and appears very even through- 
out the entire plate. This plate would fabricate perfectly. 

From the brief data presented here, there is emphasized 
the great possibilities radiography can play in governing 
and obtaining the proper technique. It is possible, by the 
use of radiography, to prevent the actual destruction of the 
plates themselves. 


Fig. 7.—Radiograph of a Soldered Composite Cop- 


per-Gold Plate. Fig. 8—Macrograph of a Cross 


Section Taken Just Below and Parallel to Line A. 
Etched with ammonium persulphate. Magnifica- 


tion 5 X. 


Radiograph of Soldered Composite Copper-Gold Plate. j a 
Etched with ammonium persulphate. Magnification 5X. Fig. 6.—Macrograph of Cross Section between the Two Points A and A. 
Etched with ammonium persulphate. 







Fig. 5.—Macrograph of Cross Section Just Above and Parallel to Line A 



































Courtesy: Climax Molybdenum Co. 


Producing Ferromolybdenum by the Silico-Thermic Process. A refractory lined iron vessel is placed on 
a sand bed over a hollowed-out depression. The roasted molybdenite concentrate, together with other 
necessary materials, is fed into the vessel, while the reaction proceeds, which takes place at around 4000 
deg. F. The vessel is then lifted and the slag runs out, leaving the large button of Fe-Mo. 
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A NOTE ON THE DEPENDENCE OF 


Microhardness on the Speed of Cutting 


OF DUCTILE METAL 


hy Harold C. Hodge 


Department of Biochemistry and Pharmacology, 
School of Medicine and Dentistry, University of Rochester, 
Rochester, N. -, 


other scratch hardness determinations, in metallurgical 

p:oblems involving the softer metals and alloys. In dental 
met. ‘urgy, however, the specimens may sometimes be very 
sma! so that scratch hardness methods may be useful at 
time In such cases the problem of reliability and repro- 
ducil) ity of the test arises. 


T IS UNUSUAL TO APPLY the “‘microcharacter,”’ or 


In . series of scratch hardness measurements on a pure 
silver »ar, two cuts were made by hand and one using a 
machii.c drive set-up, the former being relatively rapid and 
the laiicr relatively slow. Inasmuch as the average micro- 
hardn:sses found from the hand cuts were 70 and 69, re- 
specti.<ly, while that from the machine cut was 62, and 
inasm:ich as silver is known to be extremely ductile which 
pethaps would account for the production of a wider cut 
by slower cutting, due to the flow of the metal, it was of 
interest to repeat the procedure, cutting at known speed 
variations to find (a) if the difference in average width be- 
tween cuts made rapidly and slowly is reproducible and (b) 
if the average width of cut is a function of the speed. 


Because the data at any given rate (see Table) are so 
limited, this report is not expected to provide a final word 
On the microhardness—speed of cutting relation for pure 
silver. However, it is important to call attention to a 
factor which may influence the reproducibility of micro- 
hardness values of certain materials with the hope that the 


problem may be fully investigated and standard procedures 
recommended. 


Method 


_ The machine driven cuts were made using the set-up 
illustrated previously! which consists of a ‘‘program switch” 
electric motor, mounted with a chain and sprocket drive to 
the micrometer screw of the microcharacter. The hand 
cuts were made by turning the crank on the microcharacter 
meanwhile watching closely an electric clock whose revolv- 
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ing second hand permitted a close gage of the speed of 
cutting. Parallel microcuts were made in the same direc- 
iton and located closely enough together to do away with 
the influences of gross differences in the bar. The cuts 
were 30 to 40 mm. long and approximately 1 mm, apatt. 
Width readings were made at intervals of approximately 
1 mm. From a graphical study of the widths along the 
various cuts plotted against the distance along the cut, two 
inferences were drawn: (a) that there was little or no de- 
pendence of width on the position along the cut, and (b) 


Table of Data at Any Given Rate 


Average Rate of 
Microcut Number of Average micro- cutting 
number readings width (,) hardness (mm. per min.) 

yi 28 13.0 59 0.3 
B 30 12.7 62 0.4 
D ‘ 31 13.0 59 0.4 
D* 33 12.9 60 0.4 
Oo 53 12.3 66 0.4 
N 24 12.5 64 2.0 
G 25 12.4 65 3.9 
H 24 12.5 64 3.9 
K 28 12.2 67 he 
J 27 12.1 68 7.7 
I 24 12.6 63 7.8 
M 25 12.1 68 11.4 

A 27 11.9 70 15.04 

Cc 21 12.0 69 15.08 
L 32 11.9 70 15.7 
P 49 11.6 74 16.0 
F 32 12.1 68 70 
F* 36 12.1 68 17.5 


® Approximate, 


that duplicate readings on the same cut (although made 
on different days) were recognizable as such (compare D 
and D*, F and F*, in the Table). 


Data 


In the Table are given the microcut serial number, the 
number of readings of width along the microcut, the aver- 
age width in microns, the average microhardness and the 
rate of cutting per minute. Four cuts were made using the 
motor drive at rates of 0.3 to 0.4 mm. per min. The av- 
erage microhardnesses for these cuts were 59, 62, 59 and 
60, respectively. Microcuts at approximately 2, 4, 8 and 
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12 mm. per min. gave average microhardnesses which tend- 
ed to increase with increasing speed of cutting. Five cuts 
were made at 15 to 17.5 mm per min. with average micro- 
hardnesses of 70, 69, 70, 68 and 68, respectively. All the 
latter cuts were made by hand drive. Cuts O (0.4 mm. per 
min.) and P (16 mm. per min. in the Table) were made 
on a different part of the bar and probably indicate a true 
difference in gross hardness. The difference in micro- 
hardness, 66 to 74, is of the same order as is found with 
the other series of microcuts at comparable differences in 
cutting speed. 

In this illustration, the average microhardness of each cut 
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CUTTING SPEED, MM.PER MINUTE 


The average microhardness of a pure silver bar is plotted against 
the speed of cutting. There is a fairly uniform increase of average 
microhardness with cutting speed. The black circles represent cuts 
O and P made on a different part of the bar. 


is plotted (ordinate) against the cutting speed. A fairly 
uniform increase of microhardness with speed of cutting is 
indicated, although the results are scarcely concurrent 
enough to justify the assumption of a particular sort of 
increase, i.e. linear vs. logarithmic. 

The difference between the average widths at cutting 
speeds of 0.4 and 16 mm. per min., is only 1 », correspond- 
ing to a microhardness difference of approximately 10 units 
at the widths measured. The lack of uniformity noted 
above is not serious since the differences in average widths 
at a given speed (for example, the four cuts at 0.4 mm. per 
min.) are of the order of 0.3 ». The average deviation of 
the readings along a given cut is usually of the same order. 
Consequently, the difference in microhardness, 60 at 0.4 
mm. per min. to 70 at 16 mm. per min., is probably sta- 
tistically real. 


Discussion 

In the report of Sub-committee V on microhardness 
(1926) of the A.S.T.M.®°, the effects of cutting speed on 
the microhardness of 6 metals were summarized as follows: 
“The variations in width of cut appear to bear no very sig- 
nificant relation to the speed at which the cut was made.” 
The two cutting speeds used were about 4 and 50 mm. per 
min. The slow speed is in the region used (see Table) ; 
the rapid is so much faster than any used (see Table) 
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that it would seem, since no great differences were observed, 

that with increased speed a maximum “apparent’’ micro- 
hardness may be reached. More marked variations in 
microhardness might be expected comparing the results of 
very slow cutting, e.g. 0.1 mm. per min., with those of very 
rapid cutting. 

In the same report®, six observers, using 4 microchar- 
acters, tested 11 different metals with the following result: 
“It will be noted ........ that the agreement.......... 
is much better for the harder materials than for the softer 
ones.’ If the metals were cut at widely different speeds, 
this may have been one factor contributing to the wide 
range of microhardnesses found in the very soft materials, 

In a personal communication, C. H. Bierbaum has com- 
mented that, in general, the wide range of microhardness 
found for a given metal or alloy is disappointing to those 
investigators who like to pigeon-hole in their minds a 
definite material with definite physical properties. ‘As the 
degree of refinement of testing hardness of a substance is 
increased, we find that a correspondingly wider range of 
hardness is found.” He suggests that the wider range may 
be attributed to several factors, as follows: (a) the aniso- 
tropy of the crystals which have a different hardness 
when cut in different directions, (b) the hardness of the 
grain border, (c) the time factor involved in the flow of 
the metal, and (d) the limit of error of observation. In 
the data described in the Table, the results of the action 
of all of these factors are lumped, the time of cutting b-ing 
the only variable. 

If the “apparent’’ microhardness depends on the speed 
with which the cut is made, then for completeness e¢:ther 
the approximate speed of cutting should be included with 
statements of the microhardness of ductile metals or a 
standard rate of cutting should be adopted. This stan lard 
rate might be determined in two ways: (a) by lettin: an 
arbitrary rate of so many mm. per minute be agreed pon 
regardless of the material, hard or soft, or (b) by Iciting 
a rate dependent on the properties of the material be ‘ixed 
by the investigator's own study. The second alternative 
has already been proposed by C. H. Bierbaum? as fol ows: 
“The rate of travel should be so slow that no additional 
indentation is effected by stopping.” By the adoption of 
such a rate, although it will vary from sample to sample, 
reproducible readings may be obtained. The mechanics 
of finding the exact spot along a microcut where the dia- 
mond was permitted to stop requires only the calibration 
of the mechanical stage scale and vernier in terms of the 
filar micrometer cross hair. 


Summary 

1. The “apparent” average microhardness of a material 
(for example, pure silver) may be affected by the speed of 
cutting, in this case, increasing with increasing speed. 

2. This variation is due to the time factor involved in 
the flow of the metal or other material. 

3. For very ductile metals, either the speed of cutting 
should be included with statements of the microhardness, 
or that standard rate of cu.ting should be adopted which 
produces no increased width of cut by stopping. 
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CONTROLLING A 


“CONTROLLED ATMOSPHERE’ —II 


(Concluded from the February Issue) 


hy A. E. K [ 0 : h Engineer, The Brown Instrument Co., Philadelphia 


Some Results of the Tests 
Fig. 7 shows the relationships of CO,, CO, CHy,, and 


H, found in the electric furnace when city gas feed was 
used. Some of the interesting points about these curves 
are: 


Note the slope of the CO, curve at 1400 deg. F. and the 
changes in shape and slope which occurred .as the fur- 
nace temperature was increased. It is easy to understand 
why CO: measurement by means of an Orsat at low 
air/gas ratios is so totally unsatisfactory. For example, 
it 1400 deg. F., a 100 per cent change in the air from 
. ratio of 1/1 to a ratio of 2/1 produced a change of 
nly 0.4 per cent CO, (from 2.9 to 3.3). Since a good 
yperator with a good Orsat will repeat readings within 
<= 0.2 per cent, it is obvious that CO, readings taken 
n this manner are quite meaningless under such con- 
litions. 

imilar comments apply for CO, though to a less degree. 
We are informed that our experience in finding measur- 
able quantities of H: before CO becomes appreciable, 
hecks the findings of many other observers. 

[he hydrogen curves are also very interesting. (The 
iigh range scale should be used in reading these.) Note 
the very large percentages of hydrogen found at low 
air/gas ratios, especially at the higher temperatures. It 
is evident that hydrogen, which does not later burn, is 
released from combination by cracking of the illuminants 
and CH, at the higher temperatures. On the other hand, 
at the lower temperature (1400 deg. F.), 43 per cent H: 
was put into the furnace. No air was added, yet the 
final atmosphere analysis gave only 36 per cent Hs. The 
CO and CO, percentages were high and probably the 
missing Hz had combined with O, to form HO. 
The curves marked CH, plus C:He represent the values 
found by absorption of CO, in the residual gas after com- 
bustion. The relative quantities of each are not definitely 
known. It is believed that the city gas feed ordinarily 
contained about 214 per cent C:Hs and that the furnace 
atmosphere contained only traces. If such be the case, 
the curves actually represent CHy. 
For equal air/gas ratios at 1600 deg. F., greater CH, 
percentages were obtained than at 1400 deg. At 1800 
deg. these curves undergo a decided change in shape, 
while at 2200 and 2400 deg. the amount present dimin- 
ishes very rapidly. It will be noted that at the higher 
temperatures the tops of the CH, curves are not brought 
to the 0 per cent point. This is because the results 
obtained in those ranges appeared extremely inconsistent, 
and we have not had an opportunity to recheck the values. 
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5. It will be remembered that the gases were cooled and 
passed through calcium chloride before measurement and, 
therefore, HzO is not considered in these values. Thus 
the sum of the percentages shown when subtracted from 
100 per cent should equal the per cent nitrogen present. 


Fig. 8 shows similar data for Pyrofax gas feed. The 


following points appear to be particularly worth noting 
here: 


A. The hydrogen present is always much less than when 
city gas is used. There is a decided change in the 
shape of the hydrogen curve somewhere around 2000 
deg. Readers of this report have commented that a 
slight air leakage and consequent burning of some 
hydrogen to water vapor would account for this, since 
moisture was not determined. 


B. The CO, obtained was much higher for Pyrofax than for 
city gas under equal CO conditions. 

C. The CO and CH, curves are superficially quite similar 
to those obtained by city gas feed. 


It will be noted that oxygen and illuminants are not 
shown on the curves. This is because our chemical ap- 
paratus was hardly reliable for the very small percentages 
found in all instances of incomplete combustion. 

It must be remembered that the catalytic effect of iron, 
i.e., of the work being heat treated, 1s absent in these tests 
and that the gas composition wil! be somewhat altered by 
such catalytic effects. However, since those effects will 
vary with particular steels, the base line for their study has 
to be the relations that exist without such catalysts. It 
should also be remembered that no removal of water vapor 
was made before the gas entered the furnace proper, and 
that the gas reactions in the presence and in the absence 
of water vapor will not always be the same. 


Discussion of Results 


Having secured the data shown in Figs. 6 and 7, we may 
now consider the characteristics resulting from these re- 
lationships, remembering that our purpose is to determine 
the most significant measurable property of furnace at- 
mospheres. Referring to H. W. Gillett’s correlated ab- 
stract in the August, September, October, and November, 


1935, issues of METALS AND ALLOys, we find the state- 
ment: 
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In view of this, we have taken the data secured experi- 
mentally and plotted Fig. 9 which shows the ratios of 
CO,/CO and CH,/H, for the two gases used in our tests 
in the electric furnace. On these curves we have also 
superimposed Stansel’s equilibrium data. These ratio 
curves afte plotted on semi-logarithmic cross section 
sheets because it is felt that per cent changes in values are 
of greater significance than absolute changes when equi- 
libria are under consideration. It is interesting to note 
that Stansel’s values, when plotted on semi-logarithmic pa- 

r, show nearly straight lines. 

It must here be emphasized that the data quoted ap- 
ply only to equilibria with the carbon in the particular 
steel specified. A steel of some other carbon content or 
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containing other metals will not conform to the particular 
values shown, 

It will immediately be observed that in our tests (down 
to 1400 deg. F.), the equilibrium value for CH,/H, was 
not reached at any time and was only barely reached in the 
case of CO./CO when city gas was used. On the other 
hand, it is known that “good steel’ can be and is being 
produced with the atmospheres illustrated, so the reason 
presumably lies in the fact that the influence of CO,/CO 
appears to be always decarburizing while that of CH,/H, 
appears always to be carburizing. If the two influences 
are equal, opposite, and simultaneous, it seems reasonable 
to assume that the atmosphere will effectively be neutral 
from a carburizing standpoint. 
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When we try to apply similar logic with respect to scal- alone, since the total equilibrium is expressed by the ratio 





ing, we find that CO,/CO may oxidize or deoxidize, de- A) Seo) 
pending upon the air/gas ratio in any particular instance. , (He) = (C02) 

, th ter- tant - : 
Unfortunately, our lack of test data in respect to water oo Ss Seas Sees 20 © 8 een Se ae 


Dec ’ is chosen, the H:O:Hz ratio in equilibrium with it will also 
vapor renders it impossible to show the complete picture be non-scaling. But this does not hold for decarburization, 
in regard to scaling, but it appears reasonable to assume 


that a similar balance is established in this case. In fact, 
quoting from Dr. Gillett’s paper, referred to above: 


The converse is probably also true so that if a nop. 
scaling H,O/H, ratio be found, the CO./CO in equi- 
librium with it will also be non-scaling. 


As far as mere scaling goes, the effect of H:, H:O, CO, : Referring then to the carburizing factors, we set up a 
and CO, mixtures can be deduced from the CO:CO, ratio similar ratio: 
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is common to both. 


In order to select the gas of greatest significance in this 
factor, the curves in Figs. 10 and 11 have been plotted on 
semi-logarithmic cross section paper. Referring first to the 


The striking thing about these scaling and carburizing data for Providence City Gas, Fig. 10, we find: 
ratios is that 


1. CO:, CO, and Hz: all change reasonably smoothly with 
temperature for a given air/gas adjustment. CH, is 
much less regular. 

. Of the three gases common to both the scaling and the 
decarburizing ratios, hydrogen is found in much greater 
quantities than the other gases. 
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Fig. 12—Analy-Graph and Temperature Controller Mount- 
ed in Ventilated Metal Cabinet for Complete Furnace 
Control. 


3. Hydrogen and carbon monoxide tend to vary together, 
though not exactly so. 


Transferring our attention to Fig. 11, we similarly find 
that for Pyrofax gas: 


1. CO, varies little as furnace temperature changes for given 
air/gas ratios. Conversely, little variation is also shown 
at any given temperature as air/gas ratio changes. This 
is not so for the other gases. 
Hydrogen and carbon monoxide again tend to vary to- 
gether, though not exactly so. 


N 


Summarizing the various points: 


CO 


1. The factor is common to both the scal- 





(H:) (COs) 
ing and the carburizing ratios. 
(CO) (CO) 
2. The ratios or 
(CO) (CO) 
from the air/gas ratio than can hydrogen. 





can be more easily deduced 


3. CO, varies little with furnace temperature changes. 

4. CO is more irregular. 

5. H; is present in greatest quantities and varies most. It 
is, therefore, the most sensitive indicator of changing 
conditions. 

Conclusions 


The tests herein described were undertaken in the hope 
that a meter could be developed to meet the very obvious 
need for a graphic record of what we may, for want of a 
better term, call the “quality” of furnace atmospheres. We 
have concluded that such a meter should be particularly 
sensitive to hydrogen in atmospheres resulting from partial 
combustion and to oxygen or carbon dioxide when com- 
bustion has been complete. 
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Hydrogen differs greatly from other gases in several 
physical properties. We have found thermal conductivity 
one which was reliable and relatively easy to measure. In 
Table II are listed the relative thermal conductivities of 
number of different gases. It is apparent that hydrogen 
is outstanding in this respect. Similarly, where combustion 
is complete and only Oz, No, and CO, appear in the dried 
gas, CO, differs considerably from its fellows. 

We have, therefore, concluded that a thermal conductiy. 
ity method would offer the best means upon which to base 
continuous automatic measurement of furnace atmosphere 
quality. The Furnace Atmosphere Analy-Graph is the re. 
sult. In order to render the instrument of maximum use. 
fulness, an electrical circuit has been devised such that all 
types of furnace atmospheres may be measured upon it, 
whether resulting from complete or incomplete combustion 
or from dissociation. The type of chart produced is il- 
lustrated in Fig. 6. [See Part I, February Issue. } 

Simultaneously with the tests described, two such meters 
were used in production tests on furnaces of the design 
shown in Fig. 1 at other plants. In addition, considerable 
production data have since been secured from the electric 
furnace with the meter used in the tests. The results have 
been most gratifying. We have substantial proof that the 
measurement of thermal conductivity is valuable, and that 
the Analy-Graph is of great assistance to heat treaters in 
actual production work. 

Obviously it is not necessarily a cure-all to hold the 
hydrogen, and by that token, the other constituents con- 
stant, for if the use is one for which water vapor shoul: be 


Table 11.—Relative Thermal Conductivities of Some 
Gases Found in Furnace Atmospheres 


Relative Thermal Conductivi 
(Air = 1) 
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removed, and its removal is not consistent, the H,/H,O 
ratio changes even though the H, be held the same. In 
such a case operators would, however, find it very difficult 
to maintain a given hydrogen content and attention would 
thus be drawn to the difficulty. Some additional means of 
checking the uniformity of dehydration of the gas going 
to the furnace proper would then be very desirable. Nor 
does the instrument tell the operator what particular at- 
mosphere is best for a new steel or a different temperature 
of heat treatment. 

However, it does help him, once he has determined what 
atmosphere is desired, to secure the same atmosphere on 
another day. As a fund of information is secured, the 
Analy-Graph becomes increasingly valuable and helps heat 
treaters to meet the more and more rigid specifications en- 
countered nowadays. 

In closing, we wish to express appreciation to the many 
furnace manufacturers, heat treaters, metallurgists, and other 
engineers who have cooperated and given us much encout- 
agement in the experimental work and subsequent intef- 
pretation of the results. 


METALS AND ALLOYS 





he 


be 


né 


—s 


ire 


rat 
on 


eat 
Ni- 


ny 
her 
uf- 
ef- 


THE MANUFACTURE OF 


VALVE SEAT INSERTS 


FOR FORD ENGINES 


by Edwin F. Cone 


lurgical developments of quite recent years has been 

the production of an unusual type of steel castings for 

automobile engines by the Ford Motor Co. They are 

characterized by a uniqueness in composition, so far as the 

balancing of the elements is concerned, and by special ad- 
vantages as to cost of production. 

It has been the good fortune of METALS AND ALLoys to 


): OF THE IMPORTANT and interesting metal- 


have had the privilege of describing the metallurgical story 
of several of these cast products—the crankshafts', the 
pistons’, and the camshafts*—the first two being designated 
by Ford metallurgists as steel castings having high carbon 
content with substantial percentages of copper and varying 


quantities of other elements. 
In this brief article there will be presented the metal- 


lurgical story of the manufacturing of Ford valve seat in- 
serts-a small but important gadget in the successful oper- 
ation of the V-8, or any automobile, engine. 


Vaive Seat Inserts 


The valve seat insert is a small ring of metal—-in the 
Ford «ar it is a casting or ring of steel about 14 in. thick 
and in. in Outside diameter. In the majority of auto- 
mo! this casting is made of gray iron, rather high in 
alloy elements including molybdenum, chromium and 


often tungsten, the total carbon content being about 3 per 
cent 







Pouring a Heat o 
Special Alloy Steel 
for Valve Seat In- 
Serts. 





The conditions which valve seat inserts must meet are 
severe. The metal must be hard enough to resist the con- 
stant pounding of the valve, and it must be heat and cor- 
rosion resistant enough to prevent pitting and oxidation— 
caused by the hot exhaust gases of combustion. These 
reach about 1400 deg. F. at the surface of the valve seat, 
dissipating rapidly. 

The metal in this casting must also have a coefficient of 
linear expansion approximately equal to that of the cylinder 
block. It also must possess a rather high elastic limit when 
hot—so as to prevent permanent deformation from the heat 
of the motor, developed during operation. 


Alloy Gray Iron Valve Seats 


Ordinary gray iron will meet the requirements of proper 
and correct linear expansion. Without the incorporation 
of the rather expensive alloys in the iron, however, the re- 
quired hardness and heat and corrosion resistance cannot be 
obtained. In addition, the iron valve seat inserts have to 
be hardened and ground after machining. Their required 
physical properties depend on their being very hard— 
around Rockwell C 55 to 60. 

Instead of using a high alloy gray iron in the valve seat 
inserts, the Ford company decided to employ re-melt, or 
scrap, high-speed steel from which to manufacture them. 
The supply of this from the large operations in the plant 
is usually ample. A metal of this nature, it was argued, 
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The Group of 216 Valve Seat Inserts for Ford Engines as They Appear After Casting and Sand Removal. 


could be run at a lower hardness—Rockwell C 40 to 46. 
This would be machinable and no extra hardening would be 
necessary. In other words, a composition of this nature 
would be rather soft for a valve seat insert and still possess 
the necessary physical properties because of its high tung- 
sten content. 

It must be understood that these inserts are not anchored 
in by a screw or by threads or by any similar means. They 
are shrunk in with the use of liquid air and depend entirely 
on their linear expansion and high elastic limit to hold 
them in position. 


Composition of Ford Inserts 


By using a charge of 100 per cent re-melt high-speed 
steel scrap, a satisfactory metal was obtained. The tung- 
sten is held to a minimum of 14 per cent—somewhat lower 
than in the original scrap, due to melting losses and some 
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dilution of the bath with ferrochromium and pig iron. 
The steel in the valve seat inserts, as a result of this prac- 
tice, has approximately the following composition: 


Per Cent 
0 Pa eka o 22-0 140 
Manganese . ribet tins tas vere © oe 
Ce ee fsw eee Se 
NR IESE S ch a ae wt. ») 6) Cw a 
a a a | or ee . 1.50 to 2.00 
Tungsten bees ee . 140 to 17.0 


The copper is obtained by adding scrap copper to the 
charge. As cast, this metal has a hardness of Rockwell 
C 50 to 60. 


The Heat Treatment Used 


The heat treatment to which it is now subjected is as 
follows: 
Heat to 1450 deg. F., for 30 min. Cool at the rate of 
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125 deg. per hr. to 1000 deg. F. This will result in a 
hardness of Rockwell C 40 to 46. 

This treatment is carried out in electric heat-treating fur- 
naces and the castings are packed in heat-resisting nickel- 
chromium boxes to insure an even cooling. 

This casting, after heat treatment, can be tool machined 
where necessary and finish ground without any further 
hardening treatment. It is then ready for use. after suit- 
able cleaning by shot blast. 


Melting and Foundry Practice 


This alloy is melted in electric arc furnaces—about 500 
lb. capacity on an acid bottom, using, as indicated before 
scrap high-speed drills or drillings any high-speed scrap, 
even down to grindings from grinding wheels. Some pig 
iron and ferrochromium are also added. 

This molten metal is poured in green sand molds, 36 
inserts being molded in one plate or slab. These slabs or 
plates are stacked one on top of another in six layers so 
that 216 castings are cast in one pouring as shown by one 
of the illustrations. 

From the analysis of this material as recorded above, it 
might be inferred that it would be difficult to cast. This is 
not the case. The carbon has been raised high enough to 
bestow excellent casting properties but not high enough to 
cause excess brittleness. The tungsten content insures a 
high elastic limit to the metal while hot. 


Novel Machine for Inspecting 
Inserts 


E\cry valve seat insert has to undergo a careful inspec- 
tior A novel machine has been perfected for this pur- 
pos: [It inspects each casting for outside diameter, thick- 


A Close - Up 

of the S pe- 

cial Testing 
Machine. 




















The Special Testing A p paratus jor Inspecting the Finished Valve 
Seat Inserts for V ariations in Thickness, Diameter and Soundness. 


ness, and for cracks. The castings are run through the 
machine, as illustrated, those imperfect in thickness or out 
side diameter falling through the two respective troughs 
Castings in which a slight crack is present, when they fall 
on the round steel block in front of the machine, will not 
bounce into the receptacle but will fall down into the 
bottom of the machine. 
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been the subject of several interesting articles in the 

recent technical literature’»?. A useful method for 
rapid graphical solution of routine calculations, the nomo- 
gram is now receiving the attention of engineers and scien- 
tists which it has long deserved. 

However, probably the best use of such a rapid calculat- 
ing method will be found among the practical men, es- 
pecially in those cases where, in the rush of production, the 
foreman or superintendent must now waste a half hour 
every now and then getting out his log tables and slide 
rule to solve a problem of volume or weight which an un- 
usual order has brought up. In most foundries, as in other 
in ‘ustries, there are continually arising mathematical prob- 
lems of two or three general types which though easily 
solvable by arithmetic or algebra, often cause delay and 
soiie tearing of hair on the part of the foreman. 

his article attempts to explain simply the general 
praciples of common types of nomograms, and to give a 
few practical examples which have been found to be of 
convenience at the foundry in which the author is em- 


ployed. 


T NOMOGRAM, OR ALIGNMENT CHART, has 


Principle of the Nomogram 


(he cardinal principle of the nomogram is: Any equa- 
tion whose locus is a straight line when plotted on rectangu- 
lar coordinates, has for its locus a point when plotted on 
the coordinates of the nomogram. (Nomogram, as used 
here, refers to the simplest type of alignment chart con- 
sisting of parallel axes with a center scale of values sought.) 

An example will demonstrate this clearly: In the equa- 
tion 

2X + 3Y = Z 


X and Y are determined and Z is to be calculated. When 
Z is 0, 5, 10, 15, the loci of the equations thus formed 
when plotted on rectangular coordinates, are a series of 
parallel straight lines Fig. 1 (a). Plotted on nomographic 
coordinates, Fig. 1 (b), there is a point corresponding to 
each linear locus on rectangular coordinates. For example, 
lines connecting all values of X and Y which give Z = 5 
cross at one point between the X and Y axes. 
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NOMOGRAMS IN A PIPE FOUNDRY 


It will be seen, Fig. 1 (b), that the point loci of the 
equations for different values of Z fall on a straight line 
parallel to the two axes, and in such position that the dis- 
tances from the center Z axis to the X and Y axes are in 
the ratio of 3 to 2, respectively. The position and gradu- 
ation of the Z scale are determined by the type of equation 
and the coefficients of the variables. Formulae exist for 
locating and dividing the center scale in most types of 
nomograms’ ?, but it is often simpler to locate the neces- 
sary point loci by plotting on a layout. 

When other desired values of Z are calculated and 
marked on the center scale we have the simplest type of 
nomogram. With X and Y known, to find Z, merely 
connect the values of X and Y with a straight edge and 
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read the value of Z on the Z scale. Fig. 1 (c) and (d) 
show the similar treatment of the equation 


2X —3Y = Z 


When this equation is plotted as a nomogram, Fig. 1 (d), 
note that the X and Y scales must ascend in opposite direc- 
tions, because of the negative sign. 

However, the simple linear equations of this type are so 
easily solved that there is rarely any need for constructing 
a nomogram for this type of problem. By proper choice 
of scales and simplification of the equations, many more 
complex equations become linear on rectangular coordi- 
nates, and may be set up in the form of a nomogram with 
equal facility. 

Equations of the type XY = Z (a special case of the 
hyperbola) Fig. 2 (a), become linear when plotted on log 
scales, as the equation then becomes, in effect, Log X + 
Log Y = Log Z, which is a linear equation. This type 
of equation may be plotted as a nomogram by the use of 
log scales for the X and Y axes, and the Z line between 
will also be a log scale, Fig. 2 (b). 

A way of constructing a nomogram for this type of 
equation without the use of the log scales is to make the 
X or Y values the middle scale. For example, for any 
constant value of Y, the equation is linear in X and Z, 
Fig. 2 (c), and on nomographic axes, all values of X and 
Z which give a certain value of Y will cross in a point, 
Fig. 2 (d). 

It must be remembered, however, that a nomogram can- 
not be constructed without the use of log scales with Z as 
the middle axis, because with Z constant the equation is 
not linear in X and Y. 

Equations of the type: 


X = YZ?+Z 


are best handled by making X and Y uniform outside 
scales and plotting the points for the Z scale in the middie. 

An exponential function: X = Y* becomes linear in X 
and Y on log scales since: 

Log X = Z Log Y 
An equation: 
> ee +4 

becomes linear in X and Y when plotted with a log scale 
for X values and a uniform scale for Y values since: Log 
X = Y Log Z. 

A complex equation of the type: 


2X = YZ + Z2X+Z 
becomes linear in X and Y and when the X axis is a uni- 
form scale and Y axis is a squared scale. 

These particular examples given are by no means meant 
to be complete but are given in order to illustrate the 
principle that scales must be so chosen that the equation 
becomes linear on rectangular coordinates, before a nomo- 
gram of the type here considered can be constructed. 
Equations of only three variables are considered here, but 
by double axes or ‘‘box”” nomograms equations of four of 
more variables may be solved by the same general prin- 
ciples*: °. 


Calculating Weight of Iron in Ladle 


At the American Cast Iron Pipe Co. it is often necessary 
to put a certain weight of iron in a ladle. Since the diam- 
eters of the ladles vary, not only with different ladles, but 
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also with each new lining, calculations were often required 
to determine the necessary height in the ladle to give the 
desired weight of molten iron. While this calculation is 
not arduous, it was a decided bother to the man on produc- 
tion to stop and figure a ladle every other day. Also, a 
costly mistake is very easy to make, as in the rush of pro- 
duction such a calculation may easily go awry. 

The equation to give the height (inches) in a cylindrical 
ladle of given diameter (inches) to give a certain weight 
(pounds) of iron is: 


4X Wt 
Height 





@ (Dia)* X 0.26 


Where 0.26 is the weight in pounds of a cubic inch of the 
molten iron used. 

Log scales were used to make the equation linear, and 
the completed nomogram is shown in Fig. 3. Prints of 
this chart are posted in the shop where needed, and the 
workman simply measures the diameter of his ladle, and 
with a straight edge connecting this figure to the desired 
weight reads the necessary height on the scale for height. 
It need hardly be said that the use of this nomogram has 
effected time saving, greater accuracy, and the elimination 
of costly errors. 

Another simple calculation which may be made rapidly 
on the job by the use of a nomogram is shown in Fig. 4. 
This chart calculates the percentage of two irons of different 
silicon contents to be used to give a desired silicon content 
somewhere between the two. 

Suppose it is desired to figure a mix averaging 1.75 per 


cent silicon from scrap of 1.50 per cent silicon and pig iron 
of 2.25 per cent silicon. With a straight edge connect 
1.75 — 1.50 = 0.25 on the left hand scale to 2.25 — 1.75 
= (50 on the right hand scale and read on the middle 
scale — 67 per cent of the 1.50 per cent Si scrap and 33 


per .ont of the 2.25 per cent Si pig must be used. 


Ficuring a Mixture 


A» another example, suppose it is desired to figure a 
mix of 1.80 per cent silicon using 25 per cent of a 1.50 
per cnt silicon return scrap and two pig irons of 1.75 and 
2.25 per cent silicon. Connect 1.80 — 1.50 = 0.30 on 
the icft hand scale to 25 per cent on the left side of the 
center scale and read on the right hand scale. The reading 
is 0.10. Therefore, the pig irons used with the scrap must 
average 1.80 + 0.10 or 1.90 per cent silicon. The per- 
centages of the two pig irons to be used are found, as in 
the first example, by connecting 1.90 — 1.75 = 0.15 to 
2.25 — 1.90 = 0.35 and reading the center scale. The 
feading gives approximately 70 per cent of the low silicon 
pig iron and 30 per cent of the high silicon pig iron. There- 
fore, for a mix of 1.80 per cent silicon, 25 per cent of 1.50 
per cent silicon scrap is added to a mixture of pig irons 
which is 30 per cent of the 2.25 per cent silicon pig iron 


and 70 per cent of the 1.75 per cent silicon pig iron, or the 
final mix is: 


oo Si scrap, 25%; 2.25% Si pig, 22.5%; and 1.75% Si pig 
If three pig irons in addition to the scrap are to be used, 
by choosing a definite percentage of one, the average sili- 
con content of the other two is determined and finally the 
percentages of these two are found as before. 
This chart is shown mainly to illustrate another general 
type of problem easily solved by the nomogram. The 
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Fig. 4.—Calculating the Percentage of Two Irons of 
Different Silicon Content to Give a Desired Silicon 
Content. 





Fig. 5.—Weitght-Thickness-Diameter Nomogram for Cast 
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greatest value of this type of nomogram may be realized by 
adapting it to some particular problem such as determining 
the amount of ferrosilicon to be added in the ladle to give 
a desired rise in silicon, or for determining the amount or 
percentage of steel to be added to decrease the silicon, etc. 
Nomograms constructed for the particular recurrent prob- 
lems peculiar to each shop and for the particular ranges 
desired are always of greater practical value than the more 


generally applicable numograms often published in the 
literature.® 


To Figure Weight of Pipe 
and Thickness 


Another nomogram found to be of value is shown in 
Fig. 5. This chart is used to find either the weight of 
pipe to give a certain thickness, or the thickness required to 
give a certain weight for a pipe of given diameter. The 
equation is: 

Wt. per Ft. = 9.8t (Dia. — t) 

The equation is linear in weight and diameter for any 
given thickness, so uniform outside scales were used for 
weight and diameter and the points on the scale for thick- 
ness were calculated and plotted. 

The three examples given above illustrate the use of the 
nomogram for quick solution of relatively simple routine 
calculations, and this type of chart is of value in propor- 
tion to the frequency of its use. 


Where Nomogram is a Necessity 


There occur occasionally problems which are practically 
unsolvable except by some graphical method, and in these 
cases the nomogram is almost a necessity. From the equa- 
tion developed by Schlick and Moore* for strength of cast 
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iron pipe under combined tension and flexure there may be 
calculated the following equation relating trench load and 
internal pressure to the required thickness of cast iron 


pipe (see note) : 
2St 2St 0795 (D+ t) W ) 
aie PP so 


D D Rt? / 
Where: W = External load — Lbs. per linear feet. 








t = Required thickness of pipe—lInches 
P = Total internal pressure—Lbs. per sq. in. 
D = Inside diameter of pipe—Inches 
R = Modulus of rupture—Lbs. per sq. in. 
S = Tensile strength—Lbs. per sq. in. 


For a given size and kind of pipe D, R, and S are con- 
stant, and when cleared the equation becomes: 


(2R°SD)t* — (R°D) Pe — (.01264S) W*® — (.02528SD) Wt — 
(.01264SD*) W? = 


This equation becomes linear in W and P when the P 
scale is a uniform scale and the W scale a squared scale 
since P occurs only as the first power and W only as the 
second power. 


Note: The relation developed empirically by Schlick and Moore* 
from studies of cast iron pipe for cast iron under tensile and 
flexural stresses is: 

R, 2 
Ss ou» Si = s(=- 
R 


Where: S = Ultimate bursting strength 
R = Ultimate crushing strength . 
S: & R: = Tensile and flexural stresses — together. 
Ss 


In the cast of a pipe in service it is desired to substitute internal 
pressure for tensile stress and external load for flexural stress. 
When S is replaced by the value for bursting strength of a pipe 


2St ’ 
( *) and R is replaced by the value for crushing load of a pipe 





Rt’ 
( ) the relation as given above is obtained 
0.0795 (D+ t) 
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The t scale for a given size and kind of pipe may be 
plotted by determining the ultimate value of P necessary to 
cause failure when W = 0, and the ultimate value of W 
necessary to cause failure when P = 0 from the relatively 
simple formulae: 


2 St 





P (Ult) = 


Rt’ 
0795 (D+ t) 


W (Ult) = 





A nomogram so calculated is shown in Fig. 6. By con- 
necting with a straight edge the total external load and the 
total internal pressure on the outer scales, the thickness of 
pipe which will just fail under these conditions may be read 


on the inner scales for each size pipe. This equation is 
extremely difficult to solve by any other than a graphical 
method, yet thousands of readings on the nomogram were 
made in recent work on specifications for cast iron pipe. 

The examples of nomograms shown are those which have 
been used and found to be of practical value, and it is 
hoped that they may suggest similar applications for the 
use of other foundries. 
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Editorial 


started, there were exported over 2,798,800 tons. Thus the 
total scrap exports for the 10 years have been 8,779,350 
tons—a yearly average of over 877,930 tons. The extent 
of the expansion in foreign demand in the last three years 
is measured by the fact that the 1934 to 1936 total of 
over 5,980,500 tons is 68.1 per cent of the 10-year total. 
Thus far in 1937 the movement continues but on a some- 
what diminished scale from the 1,993,500 tons yearly or 
over 166,000 tons monthly of the 1934-1936 period. 

in the steel making as well as in the cast iron industry 
the metallurgical use of scrap in the charge has expanded 


(Continued from page A 43) 


rapidly in the last few years. To no little extent has it 
displaced pig iron. Because of the growing production of 
elc tric steel, where no pig iron is necessary, demand for 


scr'p has increased. Thus the very large foreign demand 
for scrap is a menace to our domestic operations. 

vo thoughts are suggested by these facts. One is that 
rger use of scrap in iron and steel making is a testi- 
al to the constant improvement in metallurgical oper- 
atiovis and a refutation of the old theory that a substantial 
proportion of virgin metal is necessary to produce a high- 
grace material. The other is that, with the growing use of 
alloying elements and their greater accumulation in even 
plain steels, the export of such elements is, or at least may 
be, no small item particularly in the case of those which 
are not lost by remelting. Figures as to the extent that 
alloy steels enter into these exports would be both valuable 
and interesting. 

In view of the situation now prevalent, approaching a 
menace to domestic iron and steel operations, is not some 
thought by the Administration necessary and advisable as to 
a possible embargo or rationing of scrap exports ?—E. F. C. 


Steel for Bicycles 


One of the interesting revivals in the sporting world, 
which is having a pronounced effect on the increased de- 
mand for steel, is bicycling. During 1936 there was a dis- 
tinct tendency to a greater use of the bicycle—a vehicle of 
transportation which over 40 years ago, or in the “gay 
nineties,” was then as popular as the automobile is today. 

According to estimates of the American Iron and Steel 
Institute, this larger use of the bicycle resulted in orders 
for 15,000 tons of steel from American mills—by far the 
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largest amount ever bought in one year by makers of 
bicycles. Last year more than 1,200,000 bicycles were 
manufactured, regarded as probably an all-time record for 
one year. It is twice the 1935 output and nearly four times 
the average number made between 1928 and 1934. The 
previous record bicycle year was 1,182,700 in 1899. 

An interesting fact is that the bicycle of that early period 
was far less sturdy than the one of today and hence took 
less steel. It is consequently heavier today than in the early 
period. This is contrary to the tendency of today 
when lightness in weight with no sacrifice in strength is 
the rule—particularly in the transportation industry. Wit- 
ness the expanding use of the low-alloy, high elastic steels. 
In the ‘‘bike’”’ of 40 to 50 years ago, only 1214, pounds of 
steel was incorporated but in the 1936 models about 25 
pounds is said to go, mostly as tubing and strip steel in the 
rugged frames and streamlined mudguards, head lamps and 
horns. Other metals than steel of course are consumed. 

Is there not an opportunity here for the application of 
heat-treated alloy steels so as to lighten, at no great extra 
cost, the weight and offer the bicyclers less burden to pro- 
pel? It would seem that the present-day bicycle should not 
weigh twice that of the ‘gay nineties.’ —E. F. C. 


Alm - Aluminum ! 


In order to purge the German language of all ‘‘alien” 
terms, the National Socialist Government of Germany has 
gone to extremes little believed possible only a few years 
ago. Thousands of alien words are being dropped by of- 
ficial edict to make room for genuine German words, says 
a dispatch to the New York Times from Berlin. 

One of the most glaring of these changes involves the 
metal aluminum. Henceforward this will bear the desig- 
nation ‘“Alm’’—though for a time it will appear as “alm 
(aluminum).” Later the parenthetical word will be 
dropped! ‘Automobile’ will give way to “Kraftwagon”’ 
and “export” and “import’’ will be banished totally for 
“Ausfuhr” and “Einfuhr.” The name of Einstein’s theory 
of relativity is to be tossed out of the German language. 


The term employed up to the present has been ‘‘Relativ- 
itaetstheorie,” now considered of foreign origin. In its 
place (and taking up more space!) there has been or- 
dained—Bezueglichkeitsanshauungsgesetz! How fortunate 
that a 31-letter word was not adopted for aluminum. 
—E.F.C. 
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1 Pig lron into the Open-Hearth Furnace 





Residual Metals 


IN OPEN-HEARTH STEEL 


by John D. Sullivan 


and R. A. Witschey 


Battelle Memorial Institute, Columbus, Ohio 


residual metals in open-hearth steel. Previous articles’ 
discussed the source of residual metals, and their sig- 
nificance in steel. During the past year the technical and 
economic significance of scrap was discussed by Williams?. 


| ‘S IS THE SIXTH of an annual series of articles on 


Data from 21 Companies 


The results reported in this article for the year 1936 
are mm 21 steel companies in the United States and 


, ha + 


Tapping a Large Open-Hearth Heat. (Courtesy: Climax 
Molybdenum Co.) 


Canada representing an annual tonnage capacity of ap- 
proximately 8,450,000 tons. Samples are taken from rep- 
resentative heats before alloy additions are made, and in 
general indicate the composition of the plain carbon steel 
base used in the various plants before adjustment of the 
composition by alloy elements. At the end of the month 
composite samples are made and sent to Battelle Memorial 
Institute. Here, annual composite samples are made for 
analysis. The study continues from year to year, and this 
report brings the results up to date. 
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Methods of analysis for tin, nickel, copper, and 
chromium were given in the 1935 paper, and for arsenic 
and antimony in the 1936 one. For the current period 
analyses were made for tin, nickel, copper, chromium, and 
manganese. The data are given in Figs. 1 and 2. The 
average of all plants for any period refers to those plants 
that cooperated in that period. The year is plotted as the 
middle of the interval represented. The 10 plants that 
have cooperated in all 10 periods represent an annual ton- 
nage capacity of approximately 3,700,000 tons. 


No Marked Changes in 1936 


In comparing average values of residual metals for the 
current period with the previous year it will be seen that 
there have been no marked changes in the amount of any 
residual metal except manganese which is not a true resi- 
dual metal because it is intentionally added in the pig 
iron so as to finish a heat with a predetermined manganese 
content. 

In previous papers curves were given to show the rela- 
tionship between the scrap ratio in the charge and (a) 
total steel production, and (b) prices of pig iron and 
scrap. Statistical data are not complete for 1936 so the 
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curves are not given this year. The percentage of scrap in 
scrap plus pig iron was calculated to be 59 in 1935. The 
percentage is estimated as being about 57 per cent for 1936, 
although final statistics may show that this value is some. 
what in error. During the past year the United States 
Bureau of Mines issued the first of an annual series of 
Statistical reports on ferrous scrap and pig iron used in the 
United States*. This report on a total coverage of 99 per 
cent of the open-hearth furnaces in the United States gave 
the percentage of scrap used in 1935 as 58 per cent, which 
is in excellent agreement with our calculated value of 59 
per cent. 
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Erratum 


On page 74 of the March issue at the end of the second column 
there is a table of “Calculated Planes of Diffraction Rings.’’ 
There is an error in the fourth column of the table, due to faulty 
proof reading after corrections had been ordered. This column 
should read as follows: 

Indices 

110.2) 

311 

111¢) 

200 (2) 

331 

2104) 
The article was entitled ““An X-Ray Study of Preferred Orientation 
in Rolled Copper,” by H. V. Anderson and G. L. Kehl, of Lehigh 
University, Bethlehem, Pa. 


A Poetic Protest! 


The Joint Committee of the A.S.T.M. and the A.S.M.E. on the 
Effect of Temperatures on the Properties of Metals held an execu- 
tive session during the Group Committee Meetings of the A.S.T.M. 


100 


in Chicago early in March. The fact that non-members could not 
attend gave rise to the following poetic protest on the “lock-out”: 


Dedicated to the Joint Committee on the Effect of High 
Temperature on the Physical and Ethical Properties of 
Metals. 

The power plant man begins to weep 
When his flange bolts begin to creep. 

He has a talk with Brother Clark, 

But still his mind is partly dark. 

He then seeks French in his sad pickle, 
And French, he says, “Put in more nickel” 
Then he to Kanter straight doth go, 

Who states “Planck's constant is too low” 
Then to Battelle he takes his quest, 

They say, “Don’t trust the short-time test.” 
The power plant man goes home again, 
Then to an asylum for th’ insane —H.F.M. 


(This report from an unofficial sub-sub-committee dealing with 
“Project No. X13” on Poetry?, was read at a recent meeting of 
the A.S.T.M.-A.S.M.E. Joint High Temperature Committee but 
will not appear in the official reports of those bodies, the sub 
sub-committee on Publicity!, “Project No. M1,” having 
exclusive rights of publication to METALS AND ALLoys.)—H.WG. 
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by H. W. Gillett 


some of the activities of the American Society for Test- 

ing Materials which relate to the evaluation of metals 
in severe service but in which services the life of present 
materials, though long, is not yet long enough to satisfy 
the engineer. 


I" THE PAST MONTH attention has been directed to 


At the “Committee Week” meetings in Chicago one 


crowded evening was devoted to papers on Corrosion Test- 
ing. The all-day Lubrication Symposium, while aimed 
primarily at lubrication and motor fuels, dealt with bear- 
ing lite and its evaluation. Committees and subcommittees 
struggled with problems on fatigue of metals, properties of 
metals at high temperature, behavior of special corrosion 
and heat-resisting alloys, and life of electrical resistors in 
contro!led-atmosphere furnaces. At the regional meeting 
in Philadelphia early this month there was a Symposium 
on ‘‘\\ear of Metals.” 


Testing Metals for Severe Service 





AN EXTENDED ABSTRACT 


Problems and Methods of 
Attack, Similar 


The general pattern of the problems faced and of the 
ways in which they have to be attacked is strikingly similar. 
Moreover, the conclusions of those who have spent years 
in the study of methods of evaluation of resistance to the 
various modes of deterioration in regard to the feasibility 
and advisability of standardizing the methods of testing 
are remarkably alike. 

Controlled corrosion testing, as a cooperative matter 
through committee action, has the longest history, the 
A.S.T.M. exposure work which established the value of 
copper-bearing steels in atmospheric corrosion, having 
passed its twentieth year. Fatigue testing, not much young- 
er, has reached a definite goal in that the endurance limit 
can be definitely evaluated and reported in terms of pounds 
per square inch at a definite number of cycles. Yet, as 


An Amsler Testing Machine Rigged for Lubricated Wear Tests. (Courtesy: Battelle Memorial Institute) 
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A Corrosion Testing Rack with Provision for Intermittent Spray, (Courtesy: Battelle Memorial Institute) 


Prof. H. F. Moore remarked at the Fatigue Research Com- 
mittee meeting, the more he found out about fatigue, the 
more points he found upon which he knew nothing. 
Questions of axial vs. rotary loading, speed of testing and 
size of specimen remain somewhat obscure. Nevertheless 
different laboratories can take the same material and, by 
applying the knowledge gained from the combined ex- 
perience of the experimenters as to the effect of fillets and 
surface finish, they can secure consistent results even though 
the specimens and testing machines have not been officially 
standardized.” 

The Joint High Temperature Committee has worked out 
codes of recommended practice for short and long-time 
tensile testing at high temperatures and, while some details 
remain to be worked out, it has shown, by preparation of 
a very uniform steel and cooperative study of it in several 
laboratories, that when proper precautions are taken the 
different laboratories come out with reasonably agreeing 
results. Thus the way is opened for the study, by anyone 
who wishes to, of those variables which govern the load- 
carrying ability of metals at high temperatures, and the re- 
porting of results in such terms that they can be under- 
stood, accepted, and comparisons made. 

In this there is no attempt to fix every detail of specimen 
or testing method which may properly vary with the par- 
ticular problem in hand, but there is an earnest attempt to 
seek out the important variables and make it imperative 
that they be controlled. 


Several Objects Involved 


In all this severe service work, the object may be one of 
several. It may be desired to develop a better alloy and to 
indicate by laboratory tests whether it is really better with- 
out having to wait for long-drawn out service tests. Or, 
in order to make an economic choice between competing 
materials, it may be necessary to estimate in terms of years 
what their life will be. Again, the desire may be to apply 
an acceptance test to insure that the ability of a given lot to 
stand up in service is equal to that of previously used ma- 
terial. 
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The two latter, involving exact quantitative evaluation, 
are extremely difficult in these fields because of the slow 
rate of attack and the danger of altering the conditions of 
attack when an attempt is made to accelerate it. The first, 
in which definite, even though only qualitative, informa- 
tion will serve, is ordinarily more feasible to accomp!:sh. 
But in general the three different aims are almost always 
present together. 


Principles of Corrosion Testing 


The paper by Borgmann and Mears delivered at the 
Symposium on Corrosion Testing in Chicago, on ‘Principles 
of Corrosion Testing” could very well be generalized, for 
the same general principles apply well to the whole prob- 
lem of severe service testing. Taking these principles, to- 
gether with the more detailed comments on specific types of 
testing as discussed by Rawdon, by McKay and LaQue and 
the other authors at the corrosion symposium, one may say 
that these different experts are in substantial agreement 
that, first and foremost, one needs an accurate picture of 
the mechanism of deterioration and that, until this has been 
attained, standardization is worse than useless, since the 
first stab is likely to leave out some of the variables that 
count and, if different observers try to get consistent re- 
sults so their data may be inter-compared, there is lack of 
consistency and comparability. 

Hence, too early standardization of methods is futile. 
When all pertinent details have been rounded up and 
proper control incorporated in the method, then different 
observers will get agreeing results, and even though the 
test so worked out should bear less actual relation to serv- 
ice than its proponents first thought, the test will serve as 
a means of tying in together the results of different in- 
vestigators, so that the “‘standardization’’ of such tests has 
some value. 


Correlation with Service 


Correlation of long-time service results with those of 
such tests will show whether they have much applicability 
or not. It often turns out that a specific test has value only 
in relation to a given type of service or to a given class of 
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alloys. Borgmann and Mears warn against accelerated sim- 
ulated service tests because of the danger of altering the 
mechanism of attack, but speak respectfully of Special 
Property Tests,’ i.e., tests which were usually originally 
promulgated as an accelerated test but which turn out to in- 
dicate only some one particular factor that has an important 
bearing on corrosion. With a sufficient background of 
correlation with service, these tests can serve as acceptance 
tests, not that they truly evaluate corrosion-resistance, but 
they increase the chance that the material tested, being sim- 
ilar in composition and structure to a material that has done 
well in service, and being similar also in relation to the 
“special property,’ may also act like it in service. Copper 
sulphate tests to evaluate the film-forming properties of 
chromium alloys, corrosion-fatigue tests, salt-spray tests and 
the like are cited as examples. 

These authors, as do the authors of the other papers and 
discussions at the Corrosion Symposium, list the variables 
concerned, urge control of these variables in the tests and 
detailed reporting on this control so the reader may draw 
his own conclusions and stress the specific effect of varia- 
tions in the corroding medium. That is, corrosion is a 
dual matter between the corrodent and the metal corroded, 
not a specific property of the metal. Avoidance of rigid 
specifications in testing that would throttle originality, but 
some standardization of methods and of expression of re- 
sults for the sake of intercomparisons are stressed by all. 


Symposium on Wear Testing 


The factors involved in corrosion testing that were 
brought out at the symposium will be brought out in a 
correlated abstract on recent advances in the knowledge 
of corrosion which is now in preparation by an expert 
on the subject. So we will turn to a résumé of wear test- 
ing, aving the symposium papers on wear problems in 
different types of service to be summarized later. 

In the discussion of wear testing methods at the wear 
symposium, very much the same line of thought was 


Amsler Machine for Wear Testing of Metals. 





Wear, like 


advanced as at the corrosion symposium. 
corrosion, is a mutual matter, and depends on conditions 
of service; it is not at all an inherent specific property 
of a metal apart from its environment. 


Types of Wear 


Wear is the undesired gradual change in dimensions ir 
service under frictional pressure. Non-metals pressing 
against a metal produce wear such as that on tools for 
tilling the soil, jaw crushers, sand pumps and the like. 
The metal’s resistance to this type of wear depends on 
surface hardness, to resist penetration of the cutting par- 
ticle, and, if penetration occurs, resistance then depends 
on toughness to resist being torn off. Some optimum 
combination of hardness, toughness, and microstructure 
(grain size and presence or absence of brittle constitu- 
ents at grain boundaries) is then called for, and each fac- 
tor may be studied by ‘Special Property” tests. In sim- 
ulated service tests the abradent must represent that oc- 
curring in service. Sand blasting tests and the tests in 
which, a specimen is dragged around in a mass of dry or 
wet sand may place a series of specimens in one order or 
in a reverse order, according to the abrasive used, so that 
great care has to be taken to make the test one of the metal 
rather than of the abrasive. 

Another type of abrasive wear occurs when dirty oil 
passes through a bearing when, if the bearing lacks “‘em- 
bedability,’’ the grit may be forced into contact and score, 
one or both, the shaft and bearing while, if the bearing 
has the properties of a lap, it may partly engulf the grit 
and its own oil film may not be seriously broken through. 

Non-metals may wear metals, a silk casting line will 
ultimately cut a groove in hardened steel guides, and fiber, 
plastics and hard rubber wear cutting tools amazingly. 
Little is known about this type of wear. 

Metal-to-metal wear occurs under sliding friction, as in 
bearings, gears, brakes, rails and wheels, etc. When the 
mating parts are lubricated, the ability to hold an oil film 


(Courtesy: Battelle Memorial Institute) 




















against bearing pressure in stopping and starting is of im- 
portance. Specific property tests for “‘oiliness’” of lubri- 
cants have been suggested and, if they worked, they could 
be reversed to test the oil-holding power of the metal, but 
none of them seem of much value. When the oil film has 
broken down or when no lubricant is present, failure oc- 
curs in two principal ways (a) by work hardening and 
embrittlement of the surface, followed by spalling, (b) 
by incipient welding or seizure, the mating metals being 
pressed into true metallic contact, welding together lo- 
cally, then being torn apart. 


Weldability and Work Hardening 


Work hardening can be studied, as a “‘specific prop- 
erty” test. Weldability, which naturally depends largely on 
temperature and pressure, to produce closeness of contact, 
and propensity toward formation of a non-metallic film 
that presents metallic contact and thus avoids welding, 
may be studied by specific tests designed for the purpose, 
like those described by Mochel* and by Bolton? and in the 
Amsler wear-testing machine, A notable case of film-for- 
mation is in hypoid gears which, when made of the usual 
materials, will show no life at all unless some special lubri- 





Vibration and Corrosion. It is well known that con- 
tinued vibration of a metal structure may lead to disastrous 
results. If the metal is corroded at the same time, the 
probability that failure will occur is enormously increased. 
A shows a portion cut from the head of a cast steel piston 
of a Diesel engine. The cracks showed the characteristic 
features, B, produced by fatigue stressing of the metal. 
Subsequent investigation revealed that the oil used as a 
cooling medium on the inside of the piston had become 
contaminated and that severe corrosion was accompanying 
the vibratory stressing of the piston. The cracks originated 
on this side of the piston. (Courtesy: H. S. Rawdon, Bureau 
of Standards.) 








104 





Embrittlement of Light-Alloy Sheet by Weathering 
Some metallic materials, especially if in the form of shect 
may become brittle when exposed continuously to 1) 
weather though the general appearance may not be grea 
altered. Structural examination shows that corrosion oj 
peculiar type has occurred. In A, the degree of embriti/e 
ment which may occur in such a material has been demon- 
strated by bending the sheet. This can be shown more 
precisely by a tensile test as in B. A companion material 
immune to corrosion of this kind is shown in C. The cor- 
rosive attack is intergranular in nature, the bond between 
adjacent grains being weakened by the attack as shown in 
D, typical of material B after weathering. The same ef- 
fect can be produced by laboratory corrosion tests. E, 
which is a complete section through a sheet, shows the 
weakening effect on the structure produced by 6 mos. con- 
tinuous exposure to NaCl spray. F shows a companion 
material which completely resisted such a corrosive attack 
for 9 mos. Such a material can be depended upon in serv- 
ice to retain its initial strength and toughness. (Courtesy: 
H. S$. Rawdon, Bureau of Standards.) 
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cant is present that will combine chemically with the gear 
to produce a non-metallic film. This film is actually a 
structural part of the gear in operation. 

The fit and finish of mating parts enter into wear. If 
tiny promontories on one engage with like promontories 
on another, something has to give way. This case is some- 
what analogous to that of non-metallic abrasives in that 
hardness plus toughness tend to resist it. The disposal of 
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metal debris, torn off in this fashion, is a factor in fur- 
ther wear. If it is washed out of contact the result will 
be milder wear than if it is held between the mating parts. 
Thus there may be a difference between rotating and re- 
ciprocating wear. 


Corrosion and Wear 


Corrosion and removal of the products of corrosion 
enter into some types of wear, and automotive cylinder 
wear is considered to have a good deal of that sort of 
component. 

The ring and cylinder case brings up another important 
point—metal-to-metal wear involves the degree of wear 
on each of the mating parts. One might rig up a test 
outfit, evaluate a series of piston ring alloys against one 
cylinder alloy, and select the ring alloy that behaves the 
best, only to find that in service against a different cyl- 
inder alloy it may, though itself being wear-resistant, nev- 
ertheless wear the cylinder far too rapidly. Test methods 
should then enable measurement of wear on both the worn 
and the wearing part, and tests should cover the whole 
range of materials against which the one being studied 
will have to work. 

Just as in the case of “accelerated corrosion tests,” the 
tests become misleading if the rate of attack is so accen- 
tuated that the mode of attack is altered. Hence one cri- 
terion of a reliable wear test is that it shall produce worn 
specimens that, in every stage of wear, look like those 


at a comparable stage in wear in service. Acceleration 
must therefore be approached cautiously and no wear test 
adopted that does not invariably place in the proper order 


materials known to act well and badly in service. This 
means that the soundest test for wear is full-size equip- 
ment, or a scale model, set up in the laboratory where the 
conditions of service can be controlled, recorded and 
duplicated. Such tests are costly and patience-trying in 


cases where the rate of wear is low, but they give reliable 
resul! 

There is a natural tendency, when a wear problem arises, 
to think that any method of slowly removing metal will 


evaluate the wear resistance; so holding it against a grind- 
ing wheel, rubbing it on abrasive paper or some analogous 
method is tried. Scores of such tests have been devised and 
tried, with uniformly poor results because the mode of 
attack was not analogous to that of service. Cutting a 
gouge in a specimen by a rapidly rotating toothless saw, as 
in the Spindel machine that has been much tried abroad 
in the attempt to throw light on wear of rails and wheels, 
falls into this category. Such tests are “special property” 
tests, not wear tests, and seldom give more information 
than a mere hardness test. 


Standardizing Wear Tests 


Very little attempt has been made to standardize wear 
testing, few observers use more than one wear test ap- 
paratus, and swapping specimens among observers is prac- 
tically unheard of, so intercomparability is lacking. The 
procedure in the Amsler test has been thoroughly described 
by many writers and the machine is available on the market 
so that it comes the nearest to a standard test for purposes 
of comparison. So rarely does it closely approximate the 
conditions of service, save perhaps as to rail and wheel 
wear which it was designed to study, that most wear prob- 
lems require that a special machine be built to more closely 
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Diagram Showing Brinell’s Method for Investigating the 
Reststance to Wear of Materials in Frictional Contact with 
Sand. (Courtesy: Herman A. Holz, New York) 


approximate the conditions of the service in question. This 
appears to be the path of progress. Certainly wear is not 
an inherent property, and no “universal wear-test’’ can be 
devised, any more than can a single universal corrosion 
test be devised without regard to the conditions of service. 

Indeed, wear testing is fortunate in that no pseudo-test 
has been advanced which producers had to use no matter 
whether it has any relation to service, in the way the salt- 
spray test has sometimes been forced on producers of metals 
to resist corrosion in applications outside of marine or sea- 
shore service. An intelligent mode of attack is that em- 
ployed by Parker® who studied wear of tire chains by field 
tests with a fleet of cars, and analyzed failures into a com- 
bination of impact and abrasion by non-metallics. He 
then set up impact limitations and subjected materials 
falling within those limits to abrasion on a grinding wheel, 
varying his test conditions till the grinding wheel placed 
specimens in the same order as did controlled service tests. 

The exposure, or ‘‘simulated service,’ tests of the 
A.S.T.M. corrosion committees have given far more real 
information than have laboratory tests. In the province 
of wear testing, and other “severe service” testing, it would 
be well to study the corrosion analogy and adopt a phil- 
osophy of testing that will duplicate the successes and avoid 
the failures that have occurred in the more deeply tilled 
field of corrosion. 
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Heat-Treated Copper Castings 
Alloyed with Zr and Be 


by G. F. Comstock and R. E. Bannon 


Metallurgists, Titanium Alloy Mfg. Co. 
Niagara Falls, N. Y. 


described by Allibone and Sykes (Journal, Institute of 

Metals, 1928, No. 1, page 173, and 1929, No. 1, 
page 179) and according to these investigators zirconium 
hardened copper without remaining in solid solution to any 
appreciable extent. This characteristic led to the thought 
that copper castings might be hardened by zirconium with- 
out decrease in conductivity such as is produced by most 
other hardening agents. 

To investigate this question some alloys were made up 
and tested, using ‘TAM Cupro Zirconium” of high purity 
as the source of zirconium. It was found at once that the 
alloys were susceptible to temper-hardening, and the work 
was therefore planned along the same lines as the previous 
research on the temper-hardening copper-titanium alloys, 
reported by one of the authors in METALS AND ALLOys, 
October, 1936. 

Pure copper was melted in Dixon clay-bonded graphite 
crucibles in a gas-fired furnace, using a glass cover on the 
melt and about 0.03 per cent of calcium, magnesium and 
silicon for deoxidation. The zirconium was added at a tem- 
perature of about 2325 deg. F. in the form of the Cu-Zr 
alloy mentioned above, containing about 15 per cent zir- 
conium and less than 0.2 per cent of silicon, iron, titanium, 
or aluminum. The glass was removed before adding this 
alloy, which dissolved readily, and gave 76 to 88 per cent 
recovery of zirconium. The casting properties of the alloys 
containing zirconium were better than with titanium, the 
tough skin being less in evidence on the melt so that the 
castings came cleaner. 

The test specimens were cast in the same way as was 
described in the previous paper on titanium alloys, and to 
the same pattern. The heat treatments and tests were also 
conducted in the same manner. 


[Te ALLOYS OF COPPER and zirconium have been 


Copper-Zirconium Alloys 


The first series of alloys was made with zirconium con- 
tents of 1.45, 2.4, and 3.24 per cent, respectively. Two 
bars were made of each alloy, and one was held 2 hrs. at 
1650 deg. F. and quenched in water. A number of speci- 
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mens were cut from each and the following heat treat- 
ment program was carried out to determine the maximum 
hardness obtainable by tempering: Heating at 500, 750, 
850, 950, 1050 and 1200 deg. F. for 1, 8, 16, 24 and 48 
hrs. respectively at each temperature. The results of hard- 
ness tests on these samples are plotted in Fig. 1. 

At each temperature, the maximum hardness was ob- 
tained from the quenched bar, tempered at 750 deg. F.,, 
but it was necessary to continue the treatment for 48 hrs. 
in order to develop this. Further tempering at this tempera- 
ture was then tried and the hardness curve definitely !<vel- 
led off after 144 hrs. 

The maximum hardness after 24 hrs. tempering was ob- 
tained at 850 deg. F. with each of the three quenched al- 
loys. Conductivity test bars were then quenched from 1650 
deg. F. and aged 24 hrs., at 850 deg. F. The results of the 
tests on these bars are given in Table I. 


Table |.—Hardness and Conductivity of Copper-Zirconium Alloys. 


Hardness, Rockwell E Conductivity, Per Cent 
= a 


soe —_—__———- <a 





i oul 
Heat Zirconium As Tem- As Tem- 
No. Content Cast Quenched pered Cast Quenched pered 
61 1.45 64.5 53 76 61.1 56.7 75.5 
63 2.4 73 65 79.5 55.0 50.0 68.0 
64 3.24 76.5 71 84.5 44.0 41,2 55.0 


Thus with increasing zirconium content there occurred 
an increase in hardness after tempering, and a correspond- 
ing decrease in conductivity; and in each alloy both hard- 
ness and conductivity were improved by tempering after 
quenching. While the maximum hardness obtained in this 
series was somewhat disappointing, the combination of 
hardness and conductivity was of interest. 


Berylilium-Zirconium-Copper Alloys 


Since an appreciable hardening occurred on tempering 
these alloys, and since zirconium is much less costly than 
beryllium, it was thought that the combinatior of zirconium 
and beryllium in copper might offer some advantage over 
the straight beryllium-copper alloy. Accordingly, some 
copper melts were made in which beryllium and zirconium 
were incorporated. The compositions of these alloys are 
given in Table II. 
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Fig Hardness of Cu-Zr Alloys after Heating for Vari 
ous Periods at Different Temperatures. 


Table 11.—Analyses of Copper—Beryllium— 
Zirconium Alloys. 


Heat Beryllium Zirconium Iron Titanium 
( 1.56 1.46 0.061 Nil. 
1.74 1.32 0.092 0.019 
1.49 2.98 0.070 Nil. 
0.81 2.70 0.057 
7 1.14 3.52 0.076 
7 1.92 1.36 0.109 
TI heats were melted as described above, except that 
a char. val cover was used instead of glass. The beryllium 
was ac.ied in the form of a 4 per cent alloy after the copper 
was mi lted but before the zirconium, and almost perfect 
recovery was obtained. 


The preliminary quenching and tempering experiments 
were performed with the first four of these heats. The 
heat treatment program was as follows: Water-quench from 
1500 deg. F. and temper at 550, 650, 750 and 850 deg. 
F. for 6, 12, 24 and 48 hrs. respectively at each tempera- 
ture with the exception that the 48-hr. treatment at 850 
deg. F. was not used. The hardness variations in this ser- 
ies of samples are shown in Figs. 2 and 3. 

After 24 hrs. tempering the maximum hardness was ob- 
tained at 650 deg. F. for two of the four heats, and at 
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Fig. 2.—Hardness of Cu-Be-Zr Alloys after Heating for 
Various Periods at Different Temperatures. 
750 deg. F. for the other two, although for one of these 


latter heats (No. 71) 650 and 750 deg. 
the same results. 

After 48 hrs. tempering, the maximum hardness was 
obtained at 650 deg. F. for two of the heats, at 750 deg. F. 
for one heat (although 650 deg. F. gave practically the 
same figure),-and at 550 deg. F. for the other heat (al- 
though again the hardness obtained at 650 deg F. was prac- 
tically the same). 

It was therefore decided that 650 deg. F. would be the 
best tempering temperature in general. Conductivity test 
bars from 5 of these heats (omitting No. 71) were tem- 
pered 48 hrs. at this temperature without preliminary 
quenching. The electrical conductivity and Rockwell E 
hardness were determined on each bar, after which they 
were quenched from 1500 deg. F. and tempered 48 hrs. at 


650 deg. F. The results of these tests are shown in 
Table II. 


F. gave practically 





Table I11_—Hardness and Conductivity of Copper—Beryllium— 
Zirconium Alloys. 


Hardness, Roc kw ell z 


c— - —————EE 


Conductivity, Per Cent 


—— —— - — — = ——- 
‘Tempered, no Quenched Tempered, no Quenched 
H i As preliminary and As preliminary and 
eat No. Zr Be Cast quenching Quenched tempered Cast — Quenched tempered 
68 1.46 1.56 85 113 82 116% 21.8 31.2 20.8 36.2 
69 1.32 1.74 87 116% 79 116% 19.2 28.3 17.7 31.2 
70 2.98 1.49 88 109 86 115 20.6 25.4 19.8 29.1 
fé 3.52 1.14 85 92 85% 96 22.6 24.1 21.7 23.7 
9 1.36 1.92 85 119 78 119% 18.1 27.0 15.8 30.5 
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Fig. 3.—Hardness of Cu-Be-Zr Alloys after Heating for 
Various Periods at Different Temperatures. 








Fig. 4.—Hardness of Hardened Cu-Be-Zr Alloys After Re- 
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In Table IV are shown the results of tests on two heats 
of beryllium-copper, for comparison with those in Table III, 
These heats had been made at an earlier date and data for 
exact comparison are lacking. They were melted under 
charcoal like the other beryllium alloys. 


Table 1V.—Hardness and Conductivity of Copper— 
Beryllium Alloys. 


Conductivity, Per Cent 





Hardness, r Tem i 
Rockwell E Quenched pered Quenched— 
quenched from 5 hrs. 1550 deg. F, 
Heat and As 1475 700_ Tempered 48 hrs, 
No. Be tempered Cast deg. F. deg. F. at 600 deg. F, 
27 2.04 118 22.0 19.5 32.8 Tr 
47 1.52 116% oa ye ve 36.1 


From these results there does not seem to be much ad- 
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Fig. 5.—Conductivity and Hardness of Hardened Cu-Be-dr 
Alloys After Various Consecutive Heat Treatments. 





vantage in the use of zirconium in conjunction with beryl- 
lium, since neither the hardness nor the conductivity was 
appreciably improved. This is especially evident in heats 
Nos. 47 and 68, where the addition of about 1.50 per cent 
zirconium had no apparent effect on the properties. In 
heat No. 70, the addition of about 3 per cent zirconium 
gave a slightly lower hardness value and reduced the con- 
ductivity appreciably. With the zirconium content in- 
creased to 3.50 per cent, as in heat No. 72, both hardness 
and conductivity were decidedly lower, but the reduction 
in hardness can be accounted for by the lower beryllium 
content (1.14 per cent) of heat No. 72. It was only in 
heat No. 73 that the hardness was higher than without zit- 
conium, and the beryllium content of this alloy was neatly 
as high as in heat No. 27. 
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zr and the Aging of Cu-Be Alloys 


A series of heat treatments was carried out to determine 
to what extent, if any, zirconium improved the copper- 
beryllium alloys with respect to over-aging. Samples from 
the heats shown in Table III were hardened by quenching 
from 1500 deg. F. and then tempering for 48 hrs. at 650 
deg. F. They were then subjected to the treatments shown 
in Table V. Heat No. 47 (without zirconium) is in- 
cluded for comparison. 


Table V.—Rockwell E Hardness of Hardened Alloys after Reheating. 


Heat NO. -ccvccccacccreecsss: 47 68 69 70 72 73 
Original (48 hrs. at 650 deg. F.)* 118 120 119 113.5 95 121 
After 4 days at 650 deg. F.**.... 117.5 119 117 117 101 120 
After 1 day at 750 deg. F....... 110 116 117.5 114.5 100 117.5 
After 4 days at 750 deg. F....... 109 113.5 115 113 104 113 
After 1 day at 900 deg. F....... 100 105.5 107 105.5 104.5 108.5 
After 4 days at 900 deg. F....... 97 102.5 104 101 103.5 105.5 
After 1 day at 1050 deg. F....... 82 91.5 94 93 90.5 98 


*24 hrs. at 600 deg. F. for heat No. 47, 
** 600 deg. F. for heat No. 47. 


Here it is apparent that the zirconium was of value. In 
every alloy containing zirconium the hardness was decreased 


The various heat treatments were carried out consecutively 
and the results are therefore cumulative. Heat No. 27 
(without zirconium) is also included in Table VI to offer 
further comparison. 

As in Table V, it is again evident that, in the alloys 
containing zirconium, the hardness was maintained better 
at the higher temperatures. However, this beneficial effect 
was not found with respect to the conductivity. After 
heating at the higher temperatures, the conductivity was less 
in the alloys with zirconium than in the plain beryllium 
copper. From this it is evident that the precipitated phase 
must be re-dissolved on over-heating the alloys containing 
zirconium the same as it is in the plain beryllium-copper. 
The retardation of softening by the zirconium may be due 
to a prevention of growth of the precipitated particles 
which are too large to be rapidly dissolved at the tempera- 
tures used for over-heating, and yet not above the critical 
size for hardening. Or a zirconium compound may be 
growing, during the over-heating, from a sub-critical to an 
effective hardening size, thus tending to maintain the hard- 





Table VI.—Hardness and Conductivity after Various Consecutive 
Heat-Treatments. 





Micat NG: <itins hain s cas Dee alts te ss co inate neon 47 68 69 70 72 73 
Bery! » Bs sd ac Ch res ora eee ds sca tereesednee soe 1.52 1.56 1.74 1.49 1,14 1.92 
Zirc: PE REES CCV ee OVE aCe OPE ET EPEC Ee Tee 0 1.46 1.32 2.98 3.52 1.36 
Elect conductivity, per cent 
( ched and tempered 48 hrs. at 650 deg. F................. 29.0* 36.1% 36.2 31.2 29.1 23.7 30.5 
7 en De ee ee: Ge a betesacccevescas ? 37.8T 37.1 31.8 31.5 24.0 31.2 
CPO TE re ee GE FI aa occ cee cov acesecwensvs 36.8f 38.8 36.8 31.7 32.0 24.6 30.8 
ere: 2 Bem Gee OE. BUN Baeic os ec sccwvobeieess 35.4 33.1 29.6 29.7 25.4 29.3 
i, eee SO Se OU A een ee eee 30.6 30.2 26.8 27.0 25.2 26.6 
I oe eS” Se ee re eee 27.6 24.8 22.6 22.6 24.8 22.8 
Rock E hardness 
( hed and tempered 48 hrs. at 650 deg. F...............05. 120 * 116.57 116.5 116.5 115 96 119.5 
TOR ae ee ee ee Os eee cwteceetobeces 116.5* 115 117.5 115 99 118.5 
7 red Ei mre ee OP FOO GOs Wisicc ccc ccecccctocccecse 115% 108.5 116.5 117 114 101.5 117.5 
T TOR. a TE I ess obs ccesceuebesweees 108 113 113.5 111.5 102.5 114 
] TOG. Rae ee i EE c's ble cs ove ac ee spenddene 99 106 107 104 98 107 
T Cd RE, I Ee RO Bisse ccecss sereccccceve 91.5 95 100 89 89 101 
” + 600 deg. F. $35 hrs. total. 
less at ‘he higher temperatures than in heat No. 47, without ness, while a beryllium compound is passing into solution 
zirconiim. In the case of heat No. 72 with 3.5 per cent and reducing both hardness and conductivity. 
zirconium the initial hardness was increased and then main- 


tained «ven after 4 days at 900 deg. F. These results are 
also shown plotted in Fig. IV. The fact that the original 
hardness of heats Nos 68, 69 and 73 was found to be a 
little higher than that of heat No. 47 shows that zirconium 
did have a slight hardening effect in this series, although 
some of these differences may probably be ascribed to vari- 
ations in the beryllium contents. 

Similar over-aging treatments were given to conductivity 
test bars from these heats and the Rockwell E hardness 
values and electrical conductivity determined after each 
treatment. The results are shown in Table VI and Fig. 5. 
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The results of this investigation show that the alloys of 
copper and zirconium are of interest because of their high 
electrical conductivity, especially after suitable heat treat- 
ment. When used in conjunction with beryllium, zir- 
conium increases the hardness very slightly, but diminishes 
the degree of softening at temperatures high enough to af- 
fect seriously the hardness of heat-treated beryllium copper. 

The authors acknowledge with thanks the efficient as- 
sistance of V. V. Efimoff and A. Yocco in preparing the 
alloys for this work, and also appreciate the facilities pro- 
vided by the Titanium Alloy Mfg. Co., for making the tests 
and their permission to publish the results. 
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PRODUCTION DATA OF THE 


Steel Foundry Industry 


by Edwin F. Cone 


TATISTICAL data may be regarded as weather vanes 

of an industry. Properly interpreted, they are of con- 

siderable value. This is particularly true of the steel 
industry as a whole, as well as of certain branches of it. 
So far as steel ingots and rolled products are concerned, 
the data of the American Iron and Steel Institute, as at 
present published, are quite complete and accurate. 


Ne Data Since 1933 


When it comes to the foundry industry, an entirely dif- 
ferent situation exists. Previous to the NRA and the es- 
tablising of Codes of Fair Practice, the Institute collected 
and published production data of the steel foundry indus- 
try, )roken down fairly completely into melting processes 
and types of castings, i.e., whether open-hearth (basic or 
acid), clectric furnace, converter and crucible and whether 


Pouring Cast Steel Crankshafts in the Rouge Plant 





plain carbon or alloy steels. With the coming of the 
Codes, this complete and satisfactory service was stopped. 
Therefore, whereas up to and including 1933 we had 
for reference rather complete information concerning the 
steel foundry industry as a whole, today such published data 
are not available. The earlier statistics referred to in- 
cluded not only commercial or jobbing foundry production 
of plain carbon and alloy steel castings, but also castings 
made by producers for their own use. The data for alloy 
steel castings took in all the ordinary varieties of the lower 
alloyed products, most of the manganese steel castings and 
some of the high alloy or stainless steel (Cr and Cr-Ni) 
castings. Today none of this information, as officially as- 
sembled, is published and some of it is not available at all. 
This is regarded by many as unfortunate and regrettable. 
Previous to the Codes and in addition to the American 


of the Ford Motor Co. (Courtesy: Ford Motor Co.) 



























































Pouring a Steel Casting in an American Open-Hearth Steel Foundry. (Courtesy: Climax Molybdenum Co.) 


Iron and Steel Institute, there were in existence the Amer- 
ican Foundrymen’s Association and the Steel Founders’ 
Society of America, the former a technical organization and 
the latter a trade association. They did not collect pro- 
duction data. Both these associations continue to function 
today and are highly important to the foundry industry 
within their respective fields of activity. But there has 
been a split-up, as a result of the New Deal, of the extent 
to which the Steel Founders’ Society of America embraces 
the industry. This society now has for its members only 
those steel foundries which produce miscellaneous and 
special commercial castings for sale in the open market, 
including all plain carbon steels and most of the low-alloy 
compositions. It does not include the high-alloy or so- 
called stainless steel casting producers, nor the manganese 
or Hadfield steel foundries. It does now, however, collect 
rather complete data of the production of its members. 
This is claimed to represent about 95 per cent of the total 
output of miscellaneous and special commercial castings 
for sale in the open market. 


The Stainless Steel Data 


The situation as to the stainless steel or high-alloy pro- 
ducers of chromium and chromium-nickel alloys is as fol- 
lows: Under the Codes the Alloy Casting Association was 
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organized. It still exists and functions and has as its 
members most of the producers of such products. This 
trade association does collect statistics of the output which 
probably represent over 95 per cent of the total produced. 
These data, however, are not available for publication or 
even consultation—they are closely guarded. The reason 
offered is that the members do not desire the expansion of 
the industry to be known because such information might 
induce competition from present non-producers. It is the 
policy of this association to forbid its members to give the 
data to any one seeking them. 


Output of Manganese Castings 


As to manganese steel castings (12 to 14% Mn)—fora 
brief period, about six months, the producers did belong 
to the Steel Founders’ Society of America but, when the 
Supreme Court killed the NRA, they withdrew. Today 
these producers have a trade association called the Man- 
ganese Steel Founders’ Society. The writer does not know 
whether this organization collects production data nor, if 
it does, whether they are available for public scrutiny. — 

Summing up then, the situation as to production statistics 
of the entire steel foundry industry is that the American 
Iron and Steel Institute no longer gathers such informa 
tion; that the Steel Founders’ Society of America, which 
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represents about 95 per cent of the producers of miscel- 
laneous and special commercial steel castings, does collect 
the data of total output non-segregated and not including 
castings made for own use; that the Alloy Casting Associ- 
ation assembles data covering high alloy or stainless steel 
production but jealously treasures them; and that the 
Manganese Steel Founders’ Society may collect them, or 
may not. Thus it is evident that complete data of the 
steel foundry industry as a whole are not available. 


Production Data for Last Three Years 


Through the courtesy of the Steel Founders’ Society of 
America, the writer is able to publish that organization’s 
production data for the past three years—1934, 1935 and 
1936. These data are here presented in three different cal- 
culations: (1) Total data as collected by the Society; (2) 
estimated output of all producers of the Society represent- 
ing 95 per cent of the total miscellaneous and special com- 
mercial castings; and (3) the estimated production of the 
foregoing plus the output of those companies which pro- 
duce castings for their own use, such as the large machinery 
builders, the electric companies and some of the large steel 
companies. This figure is arrived at on the basis that the 
data represented by (1) and (2) are 83 per cent of the 
country's total, as arrived at by the experience of the Steel 
Fo: nders’ Society over a period of years. On this basis the 
d re given in Table I. 


Table 1.—Output of Miscellaneous and Special 
Commercial Steel Castings in Net Tons 


Including Castings 


S.F.S.A. Total * for Use * 
0034 ...éteees ae 375,122 395,000 476,000 
35 4.00 h eee . 368,851 388,200 467,700 
B36 .. os ele wee 718,068 755,800 910,000 


s in 1936 the American production of miscellaneous 


and «»ecial commercial steel castings was 755,800 net tons. 
Anc the country’s total, including the castings made by 
comp nies for their own use and not for sale in the market, 
was 910,000. The data reveal the remarkable recovery 


which has taken place last year. The 1936 production of 
718,068 tons represents an increase of 91.4 per cent over the 
1934 output. At the end of January the industry was op- 
erating at 83.1 per cent of capacity. 


Situation as to Alloy Steels 


One regrettable feature of these data is that there is no 
segregation as to alloy steel production such as were obtain- 
able from the American Iron and Steel Institute. The data 
previous to 1934, as presented by the Institute, are given in 


Table II. 


Table Il.—American Steel Casting Production in Gross Tons 


Castings Alloy Alloy Per Cent 

See oe 559,713 40,255 7.2 
PEI ts 1,357,558 146,101 10.7 
SL, > «0.-a.5's cue 1,583,040 192,920 12.2 
1930 Pe oun 1,104,215 126,128 11.5 
aap ee iis 516,579 89,903 17.4 
A eat 216,760 41,044 18.8 
Re eek ie ed 338,061 71,783 21.2 
RC ds sb dees s cc eee. 

. (peer 417,600 * 

1936 ES. et 812,500 * 


—-__... 


> . - P . 
Steel Founders’ Data in Column 3 in Table I in gross tons. 


The data in Table II show that the 1936 steel casting 
production of at least 812,500 gross tons, based on the 
Steel Founders’ Society data has swung back to above the 
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Tapping a Large Heroult Electric Arc Furnace. A large tonnage o 
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alloy steels is made in electric furnaces. 


1931 output. On the basis of the alloy steel casting per- 
centages, which were constantly increasing up to 1934, it is 
a fair assumption that in 1936 this total was close to 25 per 
cent of the total, or over 200,000 tons. which exceeds the 
1929 peak production. 


Estimates of 1936 Totals 


Some interesting data on the production of the United 
States of all types of castings for 1936 are possible by cal- 
culation. Taking the figures of the Steel Founders’ So- 
ciety of America as a basis and estimating the stainless steel 
and manganese steel castings output, the following table 
is arrived at in net tons: 





SS eer rere 755,800 
For Companies’ Own Use.................. 154,200 
ee eee 50,000 
Stainless or High Alloy................... 5,000 

ENT SD 965,000 


Figured to gross tons this total of 965,000 net tons is 
approximately 861,600 tons which compares roughly with 
the 812,500 gross tons in Table II. The discrepancy is due 
to data not included in the Steel Founders’ Society figures. 

These data, as analyzed in the preceding paragraphs, are 
interesting as showing at least the trend of the steel foundry 
industry. It is unfortunate that there are now no data cov- 
ering alloy steel castings of any type. The growing im- 
portance of alloy products warrants a plea that this in- 
formation be made available, and it is hoped that this 
may soon be realized—including stainless and manganese 
steel. 



























Steel Reminiscences—lV 


(Continued from Previous Three Issues) 


hy Henry D. Hibbard 


Consulting Engineer, Plainfield, N. J. 


since absorbed by Jones & Laughlin Steel Co., I had a 
varied experience. Boiler and ship plate as well as 
spring and machinery steel were made there. 

The plate mill nad two stands of rolls, two-high, though 
the plates were rolled at one heat from ingot to finished 
plate. We had an order for the protective deck and en- 
gine hatchway armor plate for the new cruisers for the 
navy. They were from 1 in. to 4 in. thick. To handle 
these in rolling, as the ingots for them were much larger 
than had been made there before, tables with driven rollers 
were needed for the plate mill. With some help from the 
president of the company I designed and drew them. They 
worked successfully. 

Later, when I had charge of the steel shop, I made, on 
that order, the steel for the first American steel armor 
ever to be struck by a hostile shot. It was the protective 
deck of the cruiser Baltimore. In the battle of Manila, a 
Spanish 6-in. shot came aboard but was deflected by the 
armor, which was not penetrated. It hurt no one and did 
but little damage. Its course through the ship was ex- 
plained to me by Lieutenant Rodman, now Admiral Rod- 
man, retired, when he returned to New York on the Ral- 
eigh, which was the first of Dewey’s fleet to reach that port. 


P sinc 1886 TO 1890, at the Linden Steel Works, long 


An Early 20-Ton Open-Hearth 


I designed and built there a 20-ton siema after the gen- 
eral though bad plan then popular. It had a circular 
hearth, which was set low, with regenerators located under 
the charging floor. As a result of the lack of sufficient ver- 
tical height of that arrangement, the air for combustion did 
not flow freely enough to the working chamber through the 
regenerators and too much entered through cracks in the 
brickwork and around the doors. 

To correct this I installed a fan blower to blow the air— 
the first time a siema was so equipped anywhere. That 
enabled me, as both gas and air entered the laboratory of 
the furnace under pressure, to maintain a slight plenum 
within, which prevented cold air entering. Such a plenum 
not only expedited the operation, increasing the efficiency 
of the furnace, but lessened the waste of the charge ma- 
terials during melting. 


Rimming or Effervescing Steel 


At Linden I first recognized rimming steel as a distinct 
variety, which I then called ‘‘effervescing” steel because of 
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the gas which escapes from it while cooling and freezing in 
the mold. Also I learned the use of ore to eliminate car- 
bon, and the evil effects of a too high casting temperature 
in the metal, especially for rimmed steel, and how to avoid 
it. I installed my quick test methods and taught my melt- 
ers to do them. 


First Use of Aluminum as Fe-Al 


My first use of aluminum added to steel to kill it was 
made there too. Hall had not then invented his method 
of making aluminum metal. What I used was an iron- 
aluminum alloy, made by Cowles of Cleveland, Ohio, con- 
taining about 10 per cent aluminum. It was made in a 
resistance electric furnace. Because of the high temper- 
ature, Cowles problem was to preserve the aluminum a’ ter 
it was reduced by carbon from its oxide by the high heat. 
So he provided a supply of iron to take it up and alloy \: ith 
it. The aluminum in his alloy, as I recall it, seeme:' to 
have about the same killing effect on the steel as the sime 
quantity of the metal in its unalloyed form. Natural gas 
was almost the sole fuel used for melting and working :‘cel 
at Linden. It is wonderfully fine for such purposes. 

At Linden I had my first experience with silica in cid 
steel and its harmful effects, though I have referred to an 
experiment in that field which failed. Our ship plate was 
passing inspection, in a way, with narrow margins but the 
surfaces were not good because of scale rolled in, The only 
unusual thing in the composition was high silicon, from 
©.02 to 0.03 per cent. Thinking the trouble was due to 
that silicon, I tried to get rid of it by oxidizing it more 
completely in later heats by larger additions of ore, but to 
my astonishment that resulted in higher silicon in the fin- 
ished steel and the quality was worse instead of better. 
Then it dawned on me that what the chemist reported as 
silicon was probably its oxide in the metal. 


These heats had no residual manganese at the end before 
the final additions were made. To eliminate the SiOz, a base 
was manifestly needed, or, specifically, oxide of man- 
ganese. To provide that oxide I added to the bath metal, 
some time before tapping, enough spiegel to give the metal 
0.05 per cent manganese, which improved the quality not- 
ably and at once. Physical properties, especially ductility, 
of later heats were better, and scale came off in rolling in 
large sheets leaving clean and smooth metal surfaces. 


Early Attempts to Make Basic Steel 
At Linden in 1889 I first made basic siema steel. We 
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ot some Spaeter magnesite from Austria to make the bot- 
tom. Suitable pig iron was not to be had as that avail- 
able had near 3 per cent of sand sticking to it. Fluorspar 
was not known as a suitable flux for the slag, or procurable 
if it had been. So I had plenty of trouble with the fur- 
nace bottom. It got out of shape and I could cut down 
protuberances only with sand which was a bad thing to 
use. So after about six weeks’ run, the furnace was 
changed back to an acid hearth. The basic steel was gen- 
erally good however. 

The next time I made basic steel, at the Crescent Steel 
Works, Pittsburgh, in 1890, I melted the sand-cast pig in 
another furnace and ran it out on iron plates just to clean 
it of sand. It worked well. In 1893 I wrote a paper for 
the Iron and Steel Institute of England on ‘Sand on Pig 
Iron” in the basic process, the trouble it caused and its 
avoidance. Six months later the Carnegie Steel Co., at the 
Lucy furnaces, were making sand-free machine cast pig 
iron. 

To my first heat of basic steel, not knowing any better, 
I added ore as freely as to an acid heat. It was low car- 
bon steel, and it effervesced so strongly in the bottom-cast 
molds that, after they were filled, the steel settled to about 
half the height and weight. That taught me that ore is 
more <‘fective in basic than in acid siema processes. Less 


was necded. The right amount was soon learned. 





Reversion of Manganese from 
the Slag 


One thing which astonished me in that basic steel run 
was the reversion of manganese from the slag to the metal 
during the working period, which I never encountered in 
acid steel. In the basic bath metal, after manganese had 
been completely eliminated, later samples showed one or 
two points of that element, though none had been 
added. The charge and slag were both low in manganese 
compared with present practice. The average of the charge 
was perhaps not over 0.40 per cent or at most 0.50 per cent 
manganese, most of which, if not all, was oxidized during 
melting, and was therefore in the slag. 

Others, I believe, have found some reversion of man- 
ganese to take place in the acid process, in high quality, 
high carbon heats, held for a long time in the furnace after 
any ore additions. 

At a certain basic open-hearth steel works in England, 
which I visited in 1923, no fluorspar was added to the slag 
which was high in phosphorus or around 15 per cent 
P,O;. The omission of fluorspar was due partly to its cost, 
but more because slag containing it would not be valuable 
as a fertilizer for agriculture. The return from the sale 
of slag was essential to continued operation of the plant. 
I assumed, without knowing, that phosphate of calcium 
was fusible enough to contribute to keep the slag fairly 
fluid, which it was. (To be concluded) 





A NOTE ON THE 


Mounting of Specimens in Bakelite 


by J L. Everhart 
S 


U, fals Refining Co., Carteret, N. J. 


published an article on the mounting of specimens in 

bakclite. The method required only very simple 
equipment and was especially suited to those laboratories 
where the expense of a mounting press was not warranted. 
The only disadvantage of the process was the length of time 
required to harden the mounts. 

Recently, H. J. Taffs? published an article in which he 
described the mounting of tin alloys in a bakelite resin to 
which an acid hardener was added. The material was 
hardened by heating to 45 deg. C. for 14 hr. and to 65 
deg. C. for 11/, to 2 hrs. We have experimented with the 
method as applied to copper and steel and find that, with a 
slight modification, the mounts obtained are very satisfac- 
tory. 

The materials used are “Bakelite Resin XR-3220,” “‘Bake- 
lite Hardener XK-2997,” both obtained from the Bakelite 


Corp. and “Bakelite Varnish $.D. 17” obtained from John 
W. Masury & Son. 


ir ) YEARS AGO, H. M. Schleicher and the writer! 


Method 


The specimen to be mounted is covered with bakelite 
varnish, either by dipping or brushing, and dried. The 
drying may be accomplished by placing the specimen in the 
heating apparatus at 45 deg. C. for from 10 to 15 mins. 
The bakelite resin is prepared for use by the addition of 

fom 10 to 20 per cent by volume of the hardener when 
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ready to make the mounts. The two materials must be 
thoroughly mixed in order to obtain a satisfactory mount, 
the mixing being done preferably in a vessel other than that 
in which the mount is to be made as it has been found that 
the bottom of the mount has a tendency to soft spots if the 
mixing and mounting are done in the same cup, due prob- 
ably to lack of complete mixing at the extreme bottom. 
The mounting cups, containing the samples and bakelite 
mixture, are placed in an oven at 40 to 45 deg. C. for 
l/, hr. and the temperature is then raised to 65 to 70 deg. C. 
for from 11/, to 2 hrs. after which treatment, the mounts 
are fully hardened. No difficulty has been experienced in 
getting the mounts out of the cups even though no grease 
is used. 

For very small copper wires, it is possible to obtain good 
mounts without coating the wire with varnish; however, for 
larger copper specimens and for all steel samples, the var- 
nish must be used as, otherwise, the bakelite has a tendency 
to shrink away from the specimen. 

Details of the mounting methods and the oven used were 
given in the previous paper, the only changes necessary 
being the alteration of the oven for use at 40 to 45 deg. C. 
and 65 to 70 deg. C. instead of the temperature ranges 
previously mentioned. 
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arew GHUCKLES 


A Tabloid Paragraph for Busy 
Executives! 


We thank N. L. Mochel for calling our attention to a paragraph 
in one of the services that record commercial developments in 
tabloid paragraphs for the busy executive. This refers to a “new” 
Cr-Ni alloys that resists creep under load at high temperature. It 
is as follows: 

Tensile strength, after heating to 1800 deg. F. and hold- 
ing for 1000 hrs. is 75,000 to 85,000 Ibs. per sq. in. Creep 
is 1 per cent in 10,000 hrs. at the same high temperature. 


Apparently the busy executive isn’t supposed to care about short 
time tensile strength at high temperature or about what load will 
produce 1 per cent creep.—H. W. G. 


Why Not Say What Is Meant? 


Time for Feb. 15, 1937, page 36, says: “A new stainless alloy, 
containing 2 per cent white glass, will be used for the sheets form- 
ing the statue.” 

If Time means sheets coated with colorless enamel, why not say 
so ?—H.W.G. 


Chuckle or Groan?! 


This is no Chuckle—It's another groan: “Steel will crystallize 
slowly from continual bending around sheaves.’’"—Sat. Ev. Post, 
March 6, 1937, page 100.—H.W.G. 


Both Real Live Men! 


From the program announcement of the New York Chapter of 
the A.S.M. for March— 

“Both the speaker and technical chairman are too well known 
to need any obituary.” (Italics ours.) 

The speaker was E. E. Thum and the technical chairman Dr. 
A. B. Kinzel. This glaring error was not intentional—it was 
poor chirography and proof reading!—E.F.C. 





Tetrium 


We are indebted to C. E. MacQuigg for the following extract 
from a letter describing a product emanating from Burbank, Cal. 


“Tetralloy gets its name from the Latin word Tetra— 
meaning four. The four elements are—nickel, gallium and 
iridium totaling less than 1 per cent and tetrium in excess 
of 99 per cent. Tetrium in the pure state is a transp rent 
crystal, one millimeter in width and several millimeters in 
length, has a hardness approaching the diamond, ad is 
insoluble in any known combination of solvents. This 
last named characteristic has been the stumbling bloc! that 
has caused several noted chemists to independently cport 
such erroneous analyses as FeC, (not FeC;); CSi; 24° Zn; 
etc. Tetrium, the newly discovered element, places itself 
as number 98 in the periodic system of elements.” 


The Burbank environment must favor the crossing of elements 
as well as plants —H.W.G. 





A LETTER TO THE EDITOR 


Something New in Welding ?! 


To the Editor: We have enjoyed reading Highlights in METALS 
AND ALLoys and frequently get a laugh out of “Chuckles.” 

A maiier has been brought to our notice that seems worthy of 
your attention. According to the literature the salesman gave us: 


Cracked and leaking valve seats on automobile engines, 
cracked and leaking truck blocks, water leaks in the heavi- 
est Diesel engine heads, cracks in heavy castiron boiler 
sections, and cracks in crankcases, either aluminum or cast 
iron, are now successfully Excelswelded. 

Excelswelding overcomes casting strains and seals the 
cracks all the way through regardless of the thickness of the 
metal. Excelswelding makes for increased thermal efh- 
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ciency! Expansion and contraction are overcome by the 
improved Excelsweld method. Excelsweld jobs, done three 
years ago and in use every day, are still holding. 

No solution or sealing compound is used in the circulat- 
ing system in the casting. Th Excelsweld bonding material, 
used in the cracks, can not be burned out or disl 
Cast iron that will no longer weld is easily Excelswelded. 


Evidently “Excelswelding” renders all other efforts to repal! 
cast iron useless. The salesman told us that the material used hi 
no tensile strength. Welding? Well, Well! 


WAYNE A. HOWARD. 


General Petroleum Co. of Cal. 
Los Angeles, Cal. 


We have always hoped that somebody would overcome expe 
sion and contraction. (Italics ours.)—Editors. 
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Printing Industry—IV 


by B. W. Gonser and $. Epstein 


Battelle Memorial Institute, Columbus, Ohio 


This is the fourth and last installment of a series on this subject. 
Part | was published in the January issue, Part II in February and 
Part Il! in March. The discussion is another in the series of 
articles on the general topic of the Metallurgical Needs of the 
Non- llurgical Industries —Editor. 


Photoengraving Plates 


T ONE time all photoengravings were made on zinc. 
A Then a bicromatized glue was discovered which 
worke:| best on copper. This glue or ‘‘top’’ could be al- 
lowed ‘> remain on the plates during printing, since it was 
baked ard or “burned in” before the plate was etched. 


Correct: ve re-etching was thereby made possible because of 
the pra: ically permanent resist carried on the printing sur- 
P yP P &$ 
face. pper, therefore, became popular. Now there is a 

PP pop —_ 
shellac :esist called ‘‘cold top’’ because no heating is re- 
quired, ind this works equally well on copper or zinc. In 
general opper or brass gives a smoother surface than zinc 


and is preferred. Zinc is etched with a nitric acid solu- 
tion which acts more rapidly than does ferric chloride on 
copper. This makes the etching of ‘‘deep-etched”’ plates 
somewhat easier on zinc. For plates to be soldered or 
backed up with electrotype metal, copper is preferred be- 
cause of the relatively low melting point of zinc. 


Zinc Plates 


_ In making zinc sheets for photoengraving!s slabs are cast 
in open molds. The bottom side of the casting being the 
best for the final plate, is kept identified throughout the 
tolling. After rolling to about 0.065 in. thickness the 
sheet is ground and polished on the good side to produce a 
finished surface free from flaws. Minor defects, such as 
tiny pits, scratches, small blisters, etc., which would not be 
considered objectionable in rolled zinc sheets for any ordi- 
faty use, must be entirely absent in photoengravers’ plate, 
since any of these would probably cause trouble during 
etching. 

The zinc sheet must contain a certain amount of lead 
and cadmium in order to have the proper strength, hard- 
ness, and etching properties. Approximately 0.3 per cent 
of each of these elements has a definitely beneficial effect in 
making the etching more uniform. They give a finer grain 
and smoother texture to the surface of the metal than is 


obtainable with pure zinc. Iron, on the other hand, is 
detrimental and should be kept below about 0.02 per cent. 
Iron forms a compound with zinc and if present above the 
amount stated may cause etching difficulties since the 
particles of the compound stand out in relief. 

When the sheet as received from the manufacturer is cut 
into smaller sized plates, care must be taken, particularly 
in color work, to see that the rolling direction in each plate 
is the same. Otherwise differential expansions may occur 
during etching and heating, thus marring the register. A 
grade of hard rolled zinc is considered to be better for fine 


Thickness Gage for Precision Measurement of Blocked Plates. 
(Courtesy: Hacker Mfg. Co.) 
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halftone dots, but it tends to warp and buckle. This can 
be overcome by straightening at about 200 deg. F. 


Sheet Brass 


The brass alloys used for photoengraving sheet have 
been given by McGar" as follows: 





Copper Zinc 

High brass 00 34 

| low brass &) 20 
| Rich low brass 85 15 
Commercial bronz 90 10 


The impurities present are lead which is usually under 
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Type Gage. Used for rapidly 
measuring height of Linotype 
slugs and machine cast type. 
(Courtesy: Hacker Mfg. Co ) 


Make-up Gage. y his 1§ Sonile- 
thing used for checking lateral 
dimension and unit position of 
assembled pages of ty pe. ( Cour- 
Hacker Mfg. Co.) 


sary to adjust final height. 





0.1 per cent and iron, below 0.05 per cent. After cold 
rolling, the sheet is bright annealed and polished without 
being pickled. For best etching results the grain structure 
should be uniform and the grain size approximately 0.025 
mm. in diameter. The sheet is generally used in half-hard 
temper. It is, of course, necessary that the gage of photo- 
engraving sheet should be uniform, in order to save work 
in bringing up the height of type face. 


Lithographic and Gravure Plates 


As has been explained, these plates are not etched. deep 


Pre-Makeready Equipment for Blocked Plates. A plate gage is used to measure accurately plate thickness, the block Jc veller 
shaves the block to desired thickness, and graduated underlay paper is pasted on the bottom of the blocks when ieces- 
(Courtesy: Hacker Mfg. Co.) 
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etched lithographic plates have about 0.001 or 0.002 in. 
depth as compared with several times that amount in the 
shallowest photoengravings) but serve merely to hold the 
photochemical gelatine. Thus the main requisite is good 
flexibility for curving around the printing cylinder and a 
smooth surface. The surface is ‘grained’ with emery to 
hold the ink better. Either zinc or aluminum sheets are 
used. There is a possibility that low-carbon steel sheets 
would be suitable. The requisites are good flexibility, cor- 
rosion resistance to the ink and water used in printing, and 
availability in exact gage. 

Gravure plates are made of copper. For rotogravure 
printing, large copper cylinders were formerly used which 
were machined, or ground and polished after use, to 
present a new surface. By occasionally electro-depositing 
. layer of copper onto the cylinder, compensation could 
be made for losses. Now, a method widely used is to 
electrodeposit a layer of copper onto a steel cylinder core 
and polish before etching. For very large cylinders, a 
seamless copper tube that may be pressed over the steel 
ore has advantages. The suggestion has also been made 
to use copper or a copper alloy cast around a heated 
steel core to form a tightly bonded unit. 


Steel Engraving Plates 


In this method of reproduction an intaglio pattern is cut 

) a low-carbon steel plate which is then cyanide hard- 
ened. Printing can be done directly from this steel engrav- 

, or else, for large editions, the original plate is used as a 
pittern plate for transferring the design onto another soft 
lo\v-carbon steel plate. The latter is in turn cyanide hard- 
encd and used as a pattern plate for making any desired 
number of printing plates, these being molded while in the 
sot condition and then cyanide hardened. In recent years 
th life of intaglio plates has been greatly increased by 
chromium plating the surfaces. The principal requisite for 
stc.| plates for engraving is the absence of seams, slivers, 
an. other surface defects. 


Precision in Printing 

he clarity and sharpness discernible in good printing 
obviously owes this quality to the use of metals, from 
the cutting and etching of the original type and halftones 
on through the different reproduction stages. Thus the 
important problem of precision in printing fits naturally 
into a discussion of metals in the printing industry. 

To take letterpress printing as an example, the type and 
halftones on the printing plate must not only be properly 
cut, etched, molded, uniformly spaced, and made exact in 
size to get proper register, but all of the surfaces in relief 
must be in a proper printing plane to give a uniformly 
clear, sharp print, and to bring out the full tone values. 
These measurements and adjustments in the preparation 
and reproduction of the type and printing plates, and in 
the printing operation itself, can be made by the proper 
craftsmen with the aid of very few instruments, largely as a 
fesult of skill born of long experience. The final results 
obtainable by the application of such handicraft cut and 
try methods to large scale modern printing are truly remark- 
able. Nevertheless they are costly and the ideal of the 
“Precisionists” in the printing industry to obtain equal or 
better results by the use of precision instruments, precision 
machines in making the type and plates, and precision 
ptinting presses, would produce a large saving in time con- 
suming and_expensive hand operations. 























































Another View of the Operation Shown in Preceding Illustration. 


In discussing precision in printing it will be well to 
bear in mind the magnitude of the dimensions involved. 
That the difference between corresponding points should 
not be greater than 0.003 in. in order to secure accurate 
register in color half-tones has already been mentioned. 
For good printing value the departure from the proper type 
height of any part of the printing surface should not be 
over 0.001 in. Thus if the printing portions on any part 
of the plate are 0.001 in. under type heights, they will tend 


A Block Leveller. This precision planer is used for accurately leve 
ling wood or metal blocked plates. (Courtesy: Hacker Mfg. Co 






























to print too lightly, and if they are 0.001 in. over there 
will be a tendency to excessive pressure. On the other 
hand, variations in height of less than 0.001 in, produce no 
discernible difference in printing value. 

To any one accustomed to the accuracy involved in cer- 
tain machine parts, say 0.00001 in. in certain bearings, and 
to the production of interchangeable parts in automobiles, 
the order of accuracy involved in proper type height is rela- 
tively coarse. Nevertheless when the softness of paper, the 
large size of the plates and cylinders, and the relatively light 
printing pressure used (about 300-400 lb. per sq. in.) are 
considered, the job of obtaining good uniform printing ts 
by no means an easy one. 


Finishing Electrotypes 


One aspect of the precision problem is exemplified in 


the finishing of electrotypes. As has been stated this is 


one of the most expensive operations in the making of elec- 
trotypes. A certain amount of finishing is made necessary 
because of warpages, etc., which occur in the making of 
electrotypes. However, a large proportion of the finishing 
costs arises from imperfections in the original typeform and 
there would be a considerable saving in cost if the engraver 
and compositor took sufficient precautions to supply per- 
fect originals and typeforms. The greater use of pre- 
cision gages and precision proof presses and other pre- 
cision instruments and machines that will reduce the 
amount of finishing is being promoted. 

The extent to which some of the type manufacturers are 
striving to supply accurate type has been described recently 
by Louis'®. He stated that the type as it comes out of the 
casting unit is subjected to a triple check inspection system. 
Gages used by each operator check the body dimensions of 
the type to an accuracy of plus or minus 0.0002 in. For 


Press Correction by Use of Test Blocks. These blocks of hardened steel are accurately ground and lapped to type 

height (0.9182 in.) with relief printing lines milled in the surface. They are used at infrequent intervals to check 

accuracy of impression, especially on old cylinder presses, in order to correct defects in the press itself. (Courtesy; 
Hacker Mfg. Co.) 
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A Test Press for Plate Inspection before Final Printing. (Courtesy: Hacker Mfg. Co.) 


6-poin' type, for example, the total body measurement of 
24 characters, rather than single characters are checked in 
a gage, a method that obviously multiplies inaccuracies and 
insures high precision of measurement. Type height must 
be 0.9182 in. plus or minus 0.0005 in. as measured by a 
specially designed gage. 

Of course, the type cannot be accurate unless the matrices 
and molds from which the type are cast are accurate. This 
offers 2 serious maintenance problem. There are also in- 
teresting metallurgical problems in choosing metals for 
matrix and mold which will stand up. Molds are usually 
made of nickel alloy steel, and matrices of a nickel-copper 
alloy. One of the type manufacturers advocates using 
paper cut to the proper size under the plate or overlays in 
the impression cylinder. This makeready or preparation 
of type for printing is frequently time consuming, taking 
as much as 10 hrs., or more on a large press. (There is 
no time for elaborate makeready in newspaper printing. 


APRIL, 1937 


For this reason soft packing is used and with the relatively 
thin and soft paper used, satisfactory printing at high 
speed is obtained with practically no makeready.) It cuts 
seriously into the working time and is consequently very 
costly. 

The producers of precision plates and presses claim that 
a precision plate on a precision press will require practically 
no makeready, hence will save a great deal on printing 
costs. The interest of the metallurgist, already well accus- 
tomed to fine measurements of metals, will help encourage 
the idea of automatic precision methods in the printing in- 


dustry. 
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Russia's Steel Industry 


At the luncheon of the Iron and Steel Division of the American 
Institute of Mining and Metallurgical Engineers during the annual 
meeting this year, a prominent metallurgist connected with a lead- 
ing American steel producer, in briefly recounting some of the 
impressions of a recent European trip, stated that, at the rate of 
development of the Russian industry as observed by him, that 
country’s production of pig iron and steel would soon exceed that 
of Germany and Great Britain. 

Official data give emphasis to this statement. In the annual 
review issues of the two leading iron and steel trade papers there 
are published tables of the world output of pig iron and steel. 
According to these authorities the record of Russia is approxi- 
mately as follows in thousands of gross tons: 


Pig Iron Steel 
1936 wd 14,000* 16,000* 
1935 12,410 12,320 
1929 4,253 4,828 
1913. sed 4,149 4,365 


* Estimated 


This is an impressive record. Thus in 1936 the estimated pig 
iron output of 14,000,000 toms far exceeds the records in 1929 
and 1913 and compares with about 15,300,000 tons for Germany 
and 7,710,000 tons for Great Britain. In steel the figures are 
nearly as striking. The Russian production of an estimated total 
of 16,000,000 tons is far ahead of earlier records as well as a 
substantial increase over 1935. It also is not far from the German 
total of 19,300,000 tons for 1936 and exceeds the British of 11,- 
700,000 tons. Previous to 1931 Russia was less than either the 
British or German figures. 

The Russian steel industry is developing very rapidly—not only 
in total output but in metallurgical progress and achievement. In 
this development American metallurgical engineers have played no 
insignificant role. With the experience and momentum already 
gained and with boundless resources at hand, the fulfillment of 
the prediction referred to will not long be delayed and Russia may 
be second only to the United States and displace Germany. 


Trends in Actual Steel Exports 


A critical analysis of our steel export data reveals an interesting 
fact—the totals by mo means indicate actual sales abroad of 
finished and other important manufactured steel products. The 
total exports of pig iron, ferroalloys, rolled and finished steel, and 
castings are obtained by subtracting from the total export figures, 
as given officially, the amount of scrap exported. The data thus 
compiled and handled are as follows for 1936 and for the five 
previous years in gross tons: 





Total Scrap Actual Tons 

Year Exports Exports Exports per Month 
ee dates o% 968,992 136,125 862,867 71,900 
BE ck oa" és 594,650 227,522 367,128 30,600 
. ere* < kgopenoe 773,406 567,731 47,310 
We av be 2,832,764 1,835,554 997,210 83,100 
Se son Ga 3,067,336 2,107,814* 959,522 79,960 
1,941,031* 1,221,663 101,805 


1936 .. , 3,162,694 
* Includes tin plate scrap. 


Thus the exports of all the manufactured steel and iron—or 
actual steel exports—were down to 30,600 tons per month in 1932, 
the bottom of the depression. The extent of the general world 
recovery, as judged by such exports, is reflected in the monthly 
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exports for 1936 of 101,805 tons. The gradual recovery is also 
shown by the monthly data. 

An idea of the lack of actual exports, as given by usual totals, 
is revealed by the fact that last year the 1,221,663 tons of actual 
steel exports is nearly 39 per cent or 38.66 per cent of that 
reported for that period or 3,162,694 tons. 

The table also reveals the large volume of scrap exports in the 
last three years, reaching over 2,107,800 tons in 1935 but decreas- 
ing last year. 


Alloys in Malleable Iron 


Alloyed malleable iron has become an established product by 
several malleable foundries. The chief alloying element is molyb- 
denum up to 0.35 per cent. In some cases about 1.00 per cent 
copper is associated with the molybdenum. It is claimed that, 
after, the usual annealing, the malleable iron alloyed with 0.35 
per cent molybdenum has a higher tensile strength and yield point 
than ordinary malleable and that the ductility is not appreciably af- 
fected. The same is substantially true when copper is present. 

One of the products now being made of molybdenum malle ible 
iron is a wrench handle. One of these handles, properly eat 
treated, was put in a vise and then twisted through 360 deg. with- 
out breaking. Handles made of the same iron have been twisted 
450 deg. or 14% turns without breaking. This is on the authority 
of the Climax Molybdenum Co., New York. 


Pig Iron Imports Now at Highest 
Volume in Years 


There has been a lot of talk in these New Deal days about 
competition of foreign pig iron with the American product. That 
there is basis for this agitation can be proved by an analysis of 
our Government statistics. This establishes the fact that the pres- 
ent rate of pig iron imports is not only the largest in a number 
of years but is nearly 30 per cent greater than in 1913 and also the 
largest since before the depression. 

These facts are established by the following table, compiled from 
official data, giving imports of pig iron in gross tons per month: 


Year Tons per Month 
te a eee A ee 13,826 
SPE, veh be Rha nels 0.0.4 Ft es « CN PORE aes 10,911 
es FAG see SAN ea ede eo x awh kena 9,622 
DR 64.5 ino 8.06 Se aR RS 6 ras ¥hCa weld 13,220 
SD Sa kaha th yee es RR a ek dace the tee re 10,890 
Pe cee ee Fee ee eee 7,038 
SD Leseants y 4C REED ope eis ea ncaa 2 48 ; 11,400 
.) BIPPS EEE ee eee 8, Pay eae 12,300 
WEE 2 iewvenaae Wettin ys ot eee eee 10,900 


The present volume of over 13,800 tons monthly, according to 
the latest data available, is nearly 30 per cent more than the 
10,900 tons per month in 1913. It also exceeds the 12,300 tons 
per month in the boom year of 1929. Another interesting fact is 
that the imports now are the largest by nearly 100 per cent than 
the low point in the depression or 7,038 tons monthly in 1931. 

Of further interest in this connection is the fact that, of the 
165,909 tons imported last year, 60,363 tons have come from the 
Netherlands, 55,527 tons from British India, 24,556 tons from 
Russia, and 10,671 tons from Canada. 
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A Symposium on Wear of Metals 


AN EXTENDED ABSTRACT 


by H. SW. Gillett 


A symposium on “Wear of Metals” was held at the Engineers’ Club, Philadelphia, 
April 5, under the auspices of the Philadelphia District Committee of the American 
Society for Testing Materials. This is said to be the first organized symposium on this 
important subject. The papérs’ which made up an afternoon and evening program were 
as follows: 

“General Discussion and Considerations Involved in Wear Testing, Including 
the Classification of the Various Types of Wear,” by H. W. Gillett, chief 
technical adviser, Battelle Memorial Institute, Columbus, Ohio. 

“Some Important Variables Encountered in Wear Tests on Cast Iron,” by D. E. 
Ackerman, metallurgist, Research Laboratory, International Nickel Co., Inc., 
Bayonne, N. J. 

“Wear from the Textile Indusiry Viewpoint” by Albert Palmer, Crompton & 
Knowles Loom Works, Worcester, Mass. 

“Wear of Metals from the Railroad Viewpoint” by L. W. Wallace, director, 
Equipment Research Division, Association of American Railroads, Chicago. 
“Wear from the Automotive Viewpoint” by W. E. Jominy, metallurgical depart- 
ment, Research Laboratories Section, General Motors Corp., Detroit. 

“Wear from the Power Equipment Viewpoint’ by N. L. Mochel, metallurgical 
engineer, Westinghouse Electric & Mfg. Co., Philadelphia. 

G. H. Clamer, president, Ajax Metal Co., Philadelphia, organized the symposium and 
was chairman of the afternoon session. Pres. A. C. Fieldner of the A. S. T. M. and 
chief of the technological branch of the U. S. Bureau of Mines. Washington, was chair- 
man.of the evening Session. 


The article which follows is an extended abstract of the papers. 


[VERSE AS ARE THE PROBLEMS concerned in to the blades. The good wear resistance would not neces- 


f various types of metallic wear, there is much similarity 
in the proper methods for finding out how to over- 
come the troubles—this was the consensus of Opinion at 


symposium on Wear of Metals, held in Philadelphia 
pril 5. 


Simulated Service Tests 


N. L. Mochel in his paper on “Wear from the Power 
Equipment Viewpoint,” noted that some sort of laboratory 
test is essential in making a selection among possible wear- 
resistant materials for a given purpose, since the possible 
combinations are so extensive. Moreover, in this particu- 
lar field the first guess has to be the right one, for turbines 
and generators are meant to run steadily without being 
down for repairs or replacements. In order to make the 
first guess right, Mochel’s practice is to set up in the labora- 
tory the particular section of the actual machine in question 
and run it under simulated service conditions. 

Such equipment allowed the selection of a Stellite con- 
taining about 55 per cent Co, 30 per cent Cr, and 5 per 
cent W, as a shield for turbine blades. Besides being wear 
resistant against the erosion of wet steam, the material has 
to be capable of being formed into strips and silver soldered 


MAY, 1937 


sarily be predicted by a knowledge of its other properties, 
especially since it is not extraordinarily hard, and it took 
actual test to show its superiority. 

Sealing strips used in a turbine to make a close-fitting, 
labyrinth type of seal must be capable of being rolled very 
thin and resist corrosion. Beside some other mechanical 
requirements, they must have the unusual one of wearing 
very quickly, when by any chance due to expansion in serv- 
ice, they actually touch the casing. They must not seize 
and gall the casing nor hold their contact long enough to 
cause local heating. The unusual requirement of very rapid 
wear was met by low carbon 13 per cent Cr, 0.50 per cent 
Mo steel, and this, too, was selected by simulated service 
tests in the laboratory. 

Valve seats, valve stems and bushings for high tempera- 
ture steam are likewise selected by simulated service tests 
and, for various conditions of service, Stellite, various 
chromium steels, age hardened K-Monel, and, where cor- 
rosion is not a factor, nitrided steels were thus selected. 

In generator brushes and collector rings wear is great 
when they are surrounded by air or oxygen, and small 
when by hydrogen or CO.. The effect of the atmosphere 
is so great that hydrogen cooled generators show superiority 
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4 Modern Silk Loom Frame as It Leaves the Assembly Fixture. The machined 

oomsides and machined structural steel lengthwise members make a rigid 

wsembly which is perfectly lined and squared. The shafting, though closely 

itted, turns freely because the bearings are in perfect alignment—something 

hat was not possible in the old machinery where cast iron lengthwise members 

vere fitted by hand to rough loomsides. (From the paper by A. Palmer.) 
not only in efficiency but also in wear. This was likewise 
shown by simulated service laboratory tests. 


Cast Iron and Wear 


The effect of the atmosphere on wear was brought out 
also by D. E. Ackerman, who discussed variables encoun- 
tered in wear tests on cast iron. Amsler wear tests of ‘Ni- 
hard” and of ordinary chilled iron, each tested against it- 
self, were handicapped by the development of an oxidized 
surface when the tests were run in air. Since this does not 
occur in the types of service to which chilled iron is usu- 
ally subjected, the tests obviously did not have applicability 
and it was necessary to resort to an atmosphere of purified 
nitrogen. In this the Nihard showed better wear resistance 
than did plain chilled iron. 

Since the tests were not made to duplicate service condi- 
tions, but were merely run with the material against iself, 
this fact of better behavior did not mean much more than 
the already known facts that Nihard was harder and tough- 
er, so after these tests its proponents were emboldened to 
put Nihard into service, and the Amsler testing program 
was suspended as not throwing much light on the probable 
types of service. The conclusion was reached that it is 
“unlikely that a testing machine satisfactory for general. 
purpose use can be devised.” 


Wear in Textile Machinery 


The paper by A. Palmer on wear in the textile industry 


recounted successful attempts to reduce wear by mechanical 
means, such as using bearing clearances like those of the 
automotive industry rather than that of a buggy wheel, and 
by designing for rigidity, or for resilience, depending on the 
type of service. The effect of the humid environment of a 
textile mill was brought out. Main emphasis was put on 
the application of commonsense principles of mechanical 
engineering, such as making it easy to lubricate, and pro- 
viding for withdrawal of used oil or grease so that grit 
picked up in use would be removed from the bearing. 
Mochel gave a similar example of the mechanical engi- 
neering method of attack in reference to a valve which had 
previously been designed so that a hot, and hence en- 
larged, stem had to be moved through a bushing when 
the valve was adjusted. By shifting things around so the 
cold stem went through the bushing, galling was decreased 


Wear in the Automotive Industry 


The difficulties of getting reproducible results in wear 
testing, and of insuring that they rate materials in the same 
order as that of service were brought out by W. E. Jominy 
in his discussion of wear from the automotive viewpoint 
In working out a brake shoe type of test for study of piston 
ring wear, it was found advisable to apply the load slowly 
and, instead of running with constant load, to use a dyna- 
mometer type of control which adjusts the load to constant 
friction; if the surface gets rougher, the load is decreased 
so that friction is held constant. Otherwise close duplica- 
tion of tests was not readily obtainable. In a further e- 
velopment of the wear test outfit, both the co-acting parts 
are to have their weight losses determined. In such tests 
cast irons with coarse graphite had better wear resistance 
than those with fine graphite, just as is found in ser 
High phosphorus was also indicated as useful. 

That wear tests rather than specific property tests .re 
what is needed is brought out by the poor performanc: in 
wear tests of hard tool steel though, from specific prop: rty 
tests, one without knowledge of its behavior as a pision 
ring would expect it to show up well. 

The influence of corrosion and of the atmosphere upon 
wear was emphasized by Jominy. He seconded Mochc! in 
placing emphasis on the need for laboratory testing aimed 
to give rapid results, stating that the General Motors piston 
ring wear testing program, carried out in a single cylinder 
engine, would take 100 years to complete. 


Definitions of ‘‘Wear’’ 


Fatigue failure in bearings and in gears, with pitting and 
scoring of the latter,-was cited as analogous to wear, but 
Jominy’s nomenclature is to use the word “wear” only for 








Point of Flexure in 
Connecting Rod 
Bearings. High tem- 
perature weakens 
the Babbitt and the 
higher load  pro- 
duces an increase in 
flexure, causing a 
tendency for the 
bearing to fail at the 
five points shown— 
a type of failure 
that is often incor- 
rectly called “poor 
bond.”. (From the 
paper by Jominy.) 





A Connect 
Rod Bean 
Which He 
Failed from 
Fatigue. 

le hea alf 
the rod hal of 
the bearing a 
the right ban 
half is the “ 
itself. (Pros 
the paper ") 
Jominy.) 

























\ 






~~ 





| 
= a 
._~ + = 
t 
| 





>. 





















Aw 























ra 














meching 
Bearing 
bh Ha 
from 
‘The 
ba) i 
half 0! 
ring a4 
ht 
the ¢a? 
(From 
aper 
y.) 





A Babbitt (Left) Which Has Failed at the Bond. Bear- 
ings often fail at the bond, the bond being low in 
strength in fatigue although the bond may be perfect 
metallurgically. (From the paper by Jominy.) 

Wear (Right) as Effected by Lubrication. To show 
the tremendous effect produced by the presence of a 
lubricant, this photograph of wear test specimens, A 
(left, lubricated) and B (right, not lubricated) cut 
from the same bar of cast iron is shown. Specimen A 
was run on the wear test machine by gradually increas- 
ing the load to 9 lbs. (72 lbs. per sq. in. after the speci- 
men was run in) and then run 10 min. at this load. 
No lubricant was used. Specimen B was run by 
g dually increasing the load to 600 lbs. (4800 lbs. per 

in. after the specimen was run in) and run 171 

vs. at this load, using a lubricant. The rate of wear 
‘ the non-lubricated Specimen A was 260 times faster 
than Specimen B in spite of the fact that the load on 
Specimen B was more than 65 times that of on Speci- 
men A. As may be seen, the surface of Specimen B 
was left smooth whereas Specimen A was scored. 
(From the paper by Jominy.) 


slow removal of metal that leaves a bright surface (even 
though corrosion might be involved) and to differentiate 
an, welding type of wear that shows pitting, galling or 
S\ ny. 


the other hand, the other commentators used broader 
an:! broader definitions of wear. H. W. Gillett, of Bat- 
tel! Memorial Institute, whose paper on a general discus- 
S f wear testing was dealt with in our last month's com- 


parson of wear testing with corrosion testing, (‘Testing 
Mciais for Severe Service,’ METALS AND ALLOoys, April, 
195") defined wear broadly enough to include dimensional 
char scs due to metal flow as well as metal removal, and 
adm ited corrosion as a source of wear of moving parts 
wher the corrosion product can be removed by friction and 
a fresh surface worn away to corrode further. Mochel took 


a st!\| broader definition ‘impairment due to ordinary use’’ 
and argued for the adoption of a point of view broad 
enough and testing methods so inclusive of all variables of 
service that, in simulated service, all these variables are 
present whether the testing engineer recognizes that they 
are there or not. 

L. W. Wallace in his paper included impact battering, 
heat checking, surface cracking by fatigue, corrosion, abra- 
sion, galling, etc., in his consideration of wear, thus taking 
much the same point of view as did Mochel. 


Wear of Journals 


Dr. G. H. Clamer recalled. in discussion, work he had 
done over 30 years ago on relative wear of leaded bronze 
bearings, his laboratory tests agreeing with the results ob- 
tained in railway service by Dr. Dudley. He cited recent 
work by Brownsdon which disagreed with the facts Clamer 
and Dudley had established and which had been cor- 
roborated in the laboratory by French, as well as by many 
years of actual service. Brownsdon’s test method does 
not produce worn surfaces that look like worn bearings, 
and H. Meyer recently criticized Brownsdon’s results, stat- 
ing that “the relation of a special testing machine to the 
fe processes involved in wear under a particular set 

cifcumstances must be carefully analyzed before any im- 
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portance can be attached to the results of such a test.” 
Meyer gave data again agreeing with those of Clamer as to 
the beneficial effect of lead in bronze. He pointed out, 
however, that the leaded bronzes were conducive to wear 
on the steel shaft and Dr. Clamer points out that the prob- 
lem of journal wear is of prime importance. Thus the 
warning by Gillett that a wear test should give information 
on the rate of wear of both co-acting parts and the similar 
point of view of Jominy is concurred in by Dr. Clamer. 

From the testing point of view, all the papers stated in 
different words and with varying degrees of emphasis, what 
Wallace put as follows: ‘The wear problem is a continuing 
one. As operating conditions change, so will this problem. 
This is true because wear in service may not be so much a 
characteristic of metals as of the conditions of use. There- 
fore, research methods and results will have merit only in 
the degree to which the characteristics of use are carefully 
analysed and the test procedure designed to develop re- 
sults in terms thereof. It is a question whether test results 
not obtained in terms of conditions of use are ever safe 
enough even for acceptance purposes.” 


Wear of Grinding Mill Balls 


While the symposium papers related chiefly to the metal 
to metal type of wear, it may be noted that Ellis, at the 
Ontario Research Foundation, according to the Report for 
1936 finds that in tests of grinding mill balls, suitability is 
not determinable by abrading the ball surface away by an 
abrasive, such as carborundum, chosen at random, since the 
order of excellence thus shown bears no necessary relation 
to the order in service. Hence Ellis concludes that the 
material of the ball and the material to be ground are equal- 
ly important and that the only way to select a ball is by 
tests that use the actual ore to be milled. 

If the papers of this symposium are read by those who 
want to get information on wear resistance, they should 
go a long ways toward checking those experimenters who 
unthinkingly try to appraise wear by any old method of 
producing abrasion rather than by simulating actual service. 
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impellers, and of hydraulic turbines is a type of failure 

of metallurgical materials that has not been exhaustive- 
ly studied. The roughening of the metal surface has some- 
what the appearance of a pitting type of corrosion, but 
corrosion products may be substantially absent. This form 
of attack is ascribable to cavitation in the liquid medium, 
and is particularly likely to occur in modern high-speed hy- 
draulic machinery of the rotary type. 

When the relative motion between the liquid and a 
machine part in contact with the liquid is sufficiently rapid, 
the pressure head may be locally reduced to the boiling 
point of the liquid at that reduced pressure, i.e., local 
“vacuum distillation’”’ occurs, and the cavity formed in the 
liquid is filled with vapor. For example, a propeller may 
be considered to move so fast that the water does not have 
time to close in on it to maintain contact, and voids or cav- 
ities tend to be produced. Then an instant later, or at 
points further downstream in a flowing liquid, the pressure 
jumps from the vapor pressure to higher pressures with 
instantaneous condensation of the vapor and resulting high- 
speed liquid impact. 

Not only does cavitation produce a direct loss of energy, 
but its erosive effect roughens the metal surfaces involved 
and increases the friction, thus producing a further energy 
loss as well as eventual destruction of the equipment. 
Hydraulic engineers are therefore anxious to avoid cavita- 
tion. The mechanical design of the system, the operating 
conditions, the physico-chemical properties of the liquid, all 
need consideration. If cavitation has not been avoided, al- 
loys best adapted to resist its destructive effects shoul be 
chosen as materials of construction. 

However, the most disturbing fact is the extended and 
rapid erosion and corrosion of the parts where the cavita- 
tion occurs. A sponge-like appearance of the metal sur- 
face is produced. In some installations of high-speed tur- 
bines and pumps, replacements of casings and runners have 
been necessary after only a short time, due to the excessive 
cavitation damage. Many units now in operation require 
costly maintenance and repair. Parts of injector pumps on 
steam locomotives require replacement after only 4,000 to 
15,000 running miles, depending on the design and the 
material used. 

Experimental investigation of the cavitation phenomenon 


Ti: EROSION OF SHIP PROPELLER blades, of pump 
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A NEW METHOD FOR STUDYING 


Cavitation Erosion of Metals 








is still in its early stages. For many engineering problems 
the question is reduced to finding means of avoiding cavi- 
tation altogether by suitable designs. This is usually done 
by testing models of the apparatus to determine the condi- 
tions at which cavitation is initiated. Very often, however, 
operating conditions only slightly removed from cavitation 
are desirable to obtain high speed and high efhciency. 
Slight operating changes will then produce cavitation, and 
it remains a question of finding materials that will with- 
stand the cavitation effect. In certain appliances, as for 
instance injector tubes, cavitation cannot be avoided ind 
highly resistant materials should always be employed. 

Cavitation can be produced under more or less con- 
trolled conditions in a large-scale hydraulic laboratory. ‘he 
equipment in the hydraulic laboratory at Massachusetts [n- 
stitute of Technology contains more than 5 tons of water, 
and erosive effects upon metals are produced with runs of 
100 hrs. or more. Work with this unit has shown! that 
increasing amounts of air dissolved in the water decrease 
the rate of damage by cavitation erosion, but the use of such 
large units for a comprehensive study of the properties of 
liquids and solutions relating to cavitation, and of the re- 
sistance of metals and alloys to its attack, is cumbersome 
and unsatisfactory. An accelerated method of study on a 
smaller scale is much to be desired, for even though the 
smalier size experiments may not introduce all variables 
in exactly the proportion occurring in practice, highly use- 
ful indications, at least, are to be expected by more simple 
production of cavitation phenomena. 

The periodic nature of cavitation as occurring in hy- 
draulic practice is well established. By employing other 
experimental methods, it is possible to vibrate a solid in 
contact with a stationary liquid with sufficient intensity to 
result in cavitation. Equipment for generating such vi- 
brations of sonic or ultrasonic frequencies was built in the 
Eastman Laboratories at Massachusetts Institute of Tech- 
nology with the original purpose of studying the influence 
of these vibrations upon chemical reactions. This 4p- 
paratus has proved to be particularly suitable for producing 
cavitation under controlled conditions, (preliminary state 
ment of its use for this purpose is given by J. C. Hunsaker, 
Trans., A.S.M.E., Vol. 57, 1935, page 423) and experimen- 
tation was therefore directed toward its use for studying 
cavitation erosion of metals. 
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ston of Metals. 


The Equipment Used 


1 apparatus employed is based on that of Gaines? but 
diffe:s from his arrangement in a number of ways. A 
schei) tic diagram is shown in Fig. 1. 

Int-nse vibrations of frequency approximately 9000 
cycles per sec. are generated by longitudinal vibration of a 


vertical nickel tube, the lower end of which is closed with 
a cap that is immersed in the liquid. Cavitation occurs in 
the liquid directly beneath the cap. The tube is driven at 


its natural vibration frequency by an oscillating electric 
current tuned to the proper frequency, and vibrates because 
of the magnetostrictive properties of nickel. The ends of 
the tube move up and down like pistons in opposite phase, 
Whereas the center of the tube constitutes a node and 
undergoes only alternate extension and compression, 

The nickel tube is hard-drawn (regular stock tubing 
from the International Nickel Co.), 12 in. long by 5% in. 
O.D. and 0.028 in. wall thickness. The lower end has a 
nickel or brass plug silver-soldered into it, and the pro- 
jecting portion is threaded so that removable caps of vari- 
ous metals can be screwed to it. For attachment or re- 
moval these caps are gripped in a split brass block, that 
was drilled with a hole before splitting, and is faced 
with leather. With this arrangement held in a vise, the 
caps can be attached tightly, but without marring or change 
of weight. 

it is essential that the plug closing the lower end of the 
tube be well soldered in place, and that the removable metal 
cap be fastened in place very tightly, as any looseness what- 
¢ver reduces the amplitude of the vibration. It sometimes 


the outer edge. Good vibration and cavitation results were 
obtained when the total added weight of the metal plug 
and cap was about 25 grams, but too much weight pre- 
vented maximum response. 

In some work with solutions corrosive to metals, a cap of 
inert erosion-resistant material was made of molded boron 
carbide (““Norbide”’) supplied by the Norton Co. In this 
case the cap was not removable, but consisted of a solid 
plug, copper plated on its upper end and soft-soldered 
directly into the nickel tube. It was used for a number of 
hours of vibration before marked dulling of the polished 
surface was apparent. 

Considerable heat is generated in the vibrating tube, and 
this has to be dissipated or the vibration ceases. Cooling 
water at constant head is delivered at the top of the nickel 
tube, and withdrawn at the bottom, through the glass tubes 
shown. Uniform and substantially complete removal of 
the water must be effected in order not to damp the 
vibration or alter the frequency of the tube. This ts ac- 
complished by withdrawing some air together with the 
water, and then separating the air from the water in an 
inverted suction flask and allowing the water to drain out 
to the sink through a water column equal to the air-line 
suction applied. The electrical coils are cooled by blow- 
ing air on them with a fan during operation. 

The coils are made of asbestos-covered copper wire 
(“‘Deltabeston’”’). Their dimensions and characteristics are 
given in Table I. 


Table |.—Dimensions and Characteristics of Coils. 


has Wir Impe- D.C. 

2 — found desirable to smooth the upper edge of the . Thick- _ Gage danceat _ Re- 
x y ees with a loose abrasive in order to ob- Coil gle “tga, “eee. sake der 

uniform bearin betw Driving .......- 3% l 1% 18 24.7 3.3 

§ contact een plug and cap around Feed-back ....... 31 i 11 22 37.5 8.28 
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Fig. 2. Cavitation Erosion of Brass Cap Fig. 3. Cavitation Erosion of Cast Iron Cap. 


By direct observation of the end of the nickel tube with Appearance During Operation 
a microscope, the maximum limits of movement were found 
to be about 0.10 mm. apart. The frequency determined 
stroboscopically was found to be about 8700 cycles per sec. 
The maximum acceleration was therefore approximately 
15,000 times that of gravity. 


During operation of the vibration unit, a stream of fine 
bubbles extends downward in the liquid below the flat end 
of the metal cap. The liquid is in rather violent agitation, 
circulating downward below the cap and upward adja ent 
to the walls of the containing vessel. The erosion patiern 


Fig. 4. Cavitation Erosion of Cold Rolled Steel Cap. Fig. 5. Cavitation Erosion of Stainless Steel Caf 
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Fie: 6A and 6B. Curves Showing Rate of Cavitation 
E; n of Four Different Metals in Water at Room 


Temperature. Fig. 6A is the upher one. 
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produced on the cap has a diameter of about a centimeter. 
The liquid evidently flows around the edge of the cap fast 
enough to follow the vibratory motion near the edge with- 
pi Producing a cavity there. The degree of erosion in- 
feases toward the center of the cap. Figs. 2 to 5 show 
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typical erosion patterns. The pitted areas suggest in ap- 
pearance a mountainous country filled with volcanoes. 

The chips produced by the cavitation erosion are like 
shreds of metal of very irregular shapes. They settle usu- 
ally to the bottom of the vessel and usually are not fine 
enough in size to become colloidally dispersed. Under 
the microscope, chips of aluminum, copper, brass, etc., are 
bright and shiny, indicating little if any oxidation. There 
are, however, indications on some of the metal caps that a 
trace of oxidation took place. Those portions of the cop- 
per and brass caps that had been in the water but were 
outside the erosion zone were covered with slightly dark, 
slightly iridescent films. On the brass cap, just around 
the eroded area, was a zone that developed a beautiful red 
iridescent color. ‘The cold-rolled steel cap was slightly 
yellowish over the eroded area. These films and colors 
indicate a trace of oxidation connected with the cavitation 

due perhaps to the traces of hydrogen peroxide that were 
found to be formed in the water—but the magnitude of 
the oxidation effect is so minute as to be considered neg- 
ligible as far as any possible influence on the erosion rate 
under our operating conditions is concerned. 


Resistance of Metals to Cavitation 
Erosion 


Experimental Series A: In these experiments caps of 
five different metals were tested by vibrating in water for 
several consecutive periods of exactly 5 min. each. Dis- 
tilled water at room temperature was used, freshly drawn 
from the supply tank of the building for each vibration 
period. A volume of 150 cc. was contained in a glass 
cylinder to give a 9 cm. deep water column, and the im- 
mersion depth of the metal was approximately lg in. The 
temperature rise in the water was 11 to 12 deg. C. above 
room temperature in each vibration period. 

The metal caps were of different lengths depending 
upon the specific gravity of the metal used, with weights 
ranging from 7 to 14 grams each. The nickel plug that 
was soldered into the nickel tube weighed 13 grams, giving 
a total added weight of from 20 to 27 grams over that of 
the nickel tube itself which alone weighed in the vicinity 
of 95 grams. 

The average results obtained for several tests (omitting 
the first two for each new cap which tended to be lower 
than the third and subsequent tests) are reported in Table 
II. 


Table Il. Average Results of Tests of Metal Caps. 


Cavitation Erosion 
(milligrams loss in weight 
Metal per 5 min. period) 
a ae Se ES Se a 10 
Aluminum, commercially pure ................ 30 
Copper, commercially pure ............0e0006: 27 
Tobia RRR. pr AP ee eee or 
Cee SOE OE vadh oi’ 6c cde bet cae ea Ee wet (0.5)* 

* This value is the average of the first two tests on two different 
specimens, and is likely to be too low relative to the other values pre- 
sented because a fresh smooth surface tends to erode less rapidly at 
first. The total erosion for this cold rolled steel was very slight and 
hence the surface had not departed much from its original smooth con- 
dition during the tests that are averaged. 


Experimental Series B; In the next series of experi- 
ments, the metals tested were brass, cast iron, cold rolled 
steel, and 18 and 8 stainless steel. A different nickel tube 
from that used in Series A was employed, and the experi- 
ments were made by another operator. The experimental 
conditions were not exactly the same as those previously 
used, but they were maintained constant throughout the 
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series. Two samples of each metal were tested .in tap 
water at 20 deg. C, contained in a 600 cc beaker, and the 
depth of immersion was about 7/16 in. The testing time 
consisted of four 30-min. intervals. 

The results, plotted in Fig. 6A show the weight loss vs. 
time of exposure to cavitation. The increasing slope that 
is particularly apparent for the steel curve is thought to be 
due to erosion resistance of the initially polished surfaces. 
After the surfaces have been pitted the erosion proceeds 
more rapidly. 

To obtain a relative scale of resistance, the weight losses 
of the different materials were compared with the weight 
loss of cast iron for equal intervals of testing time, thus 
giving a number of relative resistance: 

weight loss of cast iron 


Ree. = —— 
weight loss of material X 





These numbers of relative resistance are plotted in Fig. 6B 
against the time of exposure to cavitation. The curves in- 
dicate that R,,, reaches an approximately constant value after 
a certain time of exposure. In accordance with this scale, 
18 and 8 stainless steel is about 5.5 times more resistant 
than cast iron, cold rolled steel is 1.5 times more resistant, 
but brass is only 0.8 times as resistant. This order of re- 
sistance is in general agreement with observations of cavi- 
tation damage in practice. - 

For metals of different density a more logical scale of 
resistivity could be established by comparing the loss of 
volume, such as: 











density of material X 

Rvot. — Rwt. a 
density of cast iron 

This is especially apparent if one compares the damage 

done on the 51 S T aluminum alloy sample used for Jater 

tests. This, after a 30-min. test in water at 20 deg. C., 


lost 45 mg. in weight, resulting in: 
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Temperature, Deg.C. 





weight cast iron lost 31 

weight alloy lost 45 
2.7 

and Rye: = 0.69 —— = 0.26 
7.2 


Photomicrographs are shown in Figs. 2 to 5 which il 
lustrate the cavitation damage to caps made of brass. cast 
iron, cold rolled steel and stainless steel. 


Influence of the Fluid Properties 
on Cavitation Erosion 


For investigation of the effect of the fluid properties, 
samples of aluminum alloy 51 ST of the same stock were 
vibrated for 40 min. in 10-min. intervals. Tests were cat 
ried out in (1) tap water, (2) 20 per cent sodium chloride 
solution, (3) methyl alcohol and (4) carbon tetrachloride, 
and in each case the effect of temperature was determined. 
The liquid was held in a thin walled iron container sut- 
rounded by a water bath. Different operating tempefte 
tures were attained by passing steam or cooling water into 
the bath, or by adding ice to it. 

The properties of the liquids tested vary in a wide range. 
The vapor pressures plotted against temperature are shown 
in Fig. 7. The densities vary from 0.8 for the alcohol to 
1.6 for carbon tetrachloride. The solubility of air is vety 
much higher in methyl alcohol and in carbon tetrachloride 
than in water. Larger range in density and viscosity of the 
liquids chosen has been avoided to safeguard against too 
wide a variation in the amplitude of the oscillation. 

The results obtained for the cavitation erosion of alum 
num alloy 51 ST in the four liquids at the different tem 
peratures tested are given in Figs. 8 to 11. The sesullts 
indicate that under the prevailing cavitation conditions 4 
temperature of maximum weight loss exists in the vicinily 
of 40 to 50 deg. C. in water and in 20 per cent sodium 
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Fig. 8. Cavitation Erosion of Aluminum Alloy in Fresh 
Water. Weight loss vs. temperature for different times 
of exposure. 


chloride solution. No maximum was found in methyl 
alcohol over the temperature range studied, but in carbon 
tetrachloride a maximum was found around 25 to 30 deg. 
C., and a minimum was also indicated around 18 deg. C. 
Approximate relative rates of cavitation erosion at room 
temperature of aluminum alloy 51 ST in the different 


liquids, in comparison to the rate in water taken as unity, 
were as follows: 


W aber Fae lecs cles Div ec cde owed adivablee’ 1.0 

20 DOP CUM mena GNINEIOIR 5 vide cece csc cesccsces 1.15 
M ction d ss k's. Wate ac bedeawacen 0.10 
CarDGi REI 6 c.c odbivbbhaburcckvnevbeen 0.10 


It is obvious from the above detailed data that the sever- 
ity of cavitation damage depends on more than one prop- 
erty of the liquid. Properties that possibly have an effect 
might be listed as follows: Density, vapor pressure, solu- 
bility of gases, surface tension, viscosity, thermal properties, 
comprcssibility, etc. 

The few data available do not permit the drawing of 
defini: conclusions as to the relative importance of the 
above variables. The influence of the density cannot be 
discovered. The tests in methyl alcohol and carbon tetra- 
chloric: show a weight loss of the same order of magnitude 
in spite of the fact that the densities vary by a factor 2. 
The eficct of the vapor pressure, or better, of the ratio for 
the different liquids of the vapor pressure p, to the external 
pressurc p (in this case atmospheric) is apparent. A de- 
crease oi damage with an increased ratio occurs after the 
temperature of maximum weight loss is exceeded. A com- 
parison of weight loss on the basis of equal vapor pressure, 


Pv 
however, shows that the pressure ratio | — itself is 
p 


not of major importance to the severity of cavitation dam- 


Fig, 9. Cavitation Erosion of Aluminum Alloy in Sodium 
Chloride Solution. Concentration—20 per cent by weight. 


Density—1.145 grams per cu. cm. at 25 deg. C. 
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age. For instance, at a vapor pressure of 190 mm. Hg or 
Py 
| — = 0.25 the weight losses after 40 min. of ex- 


posure are: In fresh water, 0.046 gm.; in sodium chloride 
solution, 0.065 gm.; in alcohol, 0.003 gm., and in carbon 
tetrachloride, 0.003 gm. 


Unfortunately, the influence of the vapor pressure can- 
not be separated from the possible effect of other proper- 
ties by the above data. Other properties of the liquid 
besides the vapor pressure vary from liquid to liquid and 
with a change in temperature. Especially does the order 
of magnitude of solubility of gases vary, and the amount of 
gases dissolved in the liquid is known to affect the severity 
of cavitation damage. The severity decreases with in- 
creased gas content, since the dissolved gases appear to 
come out of solution in the cavity and then to cushion the 
intensity of each impact following cavity formation. Vapor 
of the fluid itself appears to act somewhat similarly. In 
methyl alcohol and carbon tetrachloride, atmospheric gases 
have a much greater solubility than in fresh water. This 
could account for the much greater weight loss in fresh 
water compared to the two organic liquids. Likewise, air 
has a lower solubility in sodium chloride solution than in 
fresh water and the tests in the salt solution show a little 
more erosion. 

This conclusion of the important effect of the gas content 
has been further substantiated by a single test in partly 
deaerated methyl alcohol. The weight loss was on the or- 
der of ten times greater than for the tests in alcohol sat- 
urated with air. Measurements of the air content of the 
liquids under test showed that an equilibrium of air con- 
tent was reached after about 10 to 20 min. of vibration. 
This air content was slightly below the normal content of 
saturation. 


The effect of the amount of air dissolved could also ex- 
plain the existence of a temperature of maximum weight 
loss. The influence of the air dissolved may counteract 
the effect of the vapor pressure. 

From the foregoing it seems that the air content is of 
great importance in determining the order of magnitude of 
the weight loss, but the part it plays in shaping the weight- 
loss—temperature curves can not yet be estimated. Further 
extensive tests in which the several properties are varied 
one at a time are desirable. Experiments are in progress 
that, we hope, will contribute to the solution of the prob- 
lem. 


Note: Extensive tests on a large number of materials have 
been carried out for the U. S. Engineers Office, Eastport, Me., 
in connection with the Passamaquoddy power project. 

Furthermore, in the application of the foregoing consid- 
erations te a practical case of cavitation erosion, it must be 
borne in mind that the tests herein described deal with 
accelerated erosion, and therefore the effect of chemical 
corrosion, exerted over a considerable period of time, which 
in the practical case might be of serious moment, may be of 
negligible importance in these tests of short duration. 
Again, such structural changes as may take place in various 
metals and alloys when in service over an extended period 
of time, can hardly be expected to take place in the brief 
periods employed in our tests. Consequently, for a fair 
estimate of the expected extent of damage to a given metal- 
lic material, used for a particular purpose, the influence of 
all such effects other than cavitation must be considered. 
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Resistance to Cavitation Erosion vs. 
Sand-blast Impact Abrasion 


Resistance to sand-blast impact abrasion was determined 
for most of the metals used in the cavitation tests. The 
sand-blast tests were made using No. 30 grain size of “E-1 
Alundum” (crystalline alpha alumina) abrasive grain. 
Blasting was done in a machine designed and manufactured 
by the Carl Zeiss Co., Jena, Germany. For comparative 
purposes, data taken under the same test conditions on a 
sample of plate glass are included. The details of the 
sand-blasting method will not be repeated here since they 
are already available in the literature.* The sand-blast 
gives high velocity compressional impact with hard sharp- 
edged grains of Alundum abrasive. 

Results of the sand-blast tests on the different metals 
compared to the average relative cavitation erosion are 
given in Table III. 


Table t11.—Results of Sand-Blast Tests on the Different Metals 


Depth of Sand-Blast Penetration * 
(After 30 blasts with No. 30 E-1 Relative 
Alundum abrasive grain at 25 lbs. Cavitation 


Metal air pressure on the dial gage) Erosion 
ee eee er 0.36 mm. 4 
Copper, commercially pure ...... 0.37 27 
18-8 Stainless steel ..........0005 0.41 1 
Aluminum, commercially pure .... 0.52 30 
Tobin bronze Pee =e PPC LS 0.60 7 
See ak on chats ain'g wine bases 0.79 8 
PMN oh ic kts Cea eee Po mabee eee 1.05 10 

* Sand-blast penetrations were taken on plate glass for reference pur- 
poses under the same conditions except that a total of only 5 blasts 
were used, readings of the depth being made after each individual blast, 
as follows: 1 blast, 1.79 mm.; 2 blasts, 2.60 mm.; 3 blasts, 3.09 mm.; 
4 blasts, 3.45 mm., and 5 blasts, 3.70 mm. 


There appears to be little direct relationship between the 
sand-blast penetration values for the different metals and 
the relative cavitation erosion, but some of the apparent 
extreme discrepancies can be cleared up by a little study 
of the results. Aluminum and copper are very soft metals, 
and yet they stood up well under the particular type of 
sand blasting used. However, in the case of the aluminum 
sample, a raised rim of metal was found around the edge 
of the sand-blast hole, showing that the aluminum had 
actually flowed from under the impact area, and that its 
apparent sand-blast resistance was really connected with 
its plastic deformation. No raised rim was visible for the 
copper sample, but nevertheless plastic deformation would 
also be likely to occur readily with the soft copper. 

Plastic deformation would also be expected to play a 
part in the cavitation erosion. Hunsaker! calls attention 
to it in connection with cavitation damage to discs of 
lead. The fact that under our conditions of test, more 
relative damage occurred to copper and aluminum by 
cavitation than by sand-blast may simply mean that the 
particular sand-blast conditions were such as to permit 
greater relative absorption of energy by plastic deforma- 
tion than was permitted under the cavitation conditions, 
and not that the inherent mechanism is necessarily funda- 
mentally different. Certainly, however, if similarity be 
assumed, the area of each single impingement in cavita- 
tion is much smaller, and the energy per unit of single 
impingement area much greater, than for the sand-blast 
conditions used. From this point of view, erosion by 
an extremely high velocity stream of water of minute 
cross section projected perpendicular to the metal surface, 
would give a closer parallel to cavitation erosion. 

The sand-blast and cavitation results for cold rolled 
steel, Tobin bronze, cast iron, and brass line up quite 
well with each other. But perhaps this is due to a 
fortuitous combination of factors. There is nothing in 
these data to indicate why the 18 and 8 stainless steel is 
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Fig. 10. Cavitation Erosion of Aluminum Alloy in Methyl 
Alcohol. Weight loss vs. temperature for different 


ex posure times. 
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so relatively resistant to cavitation erosion compared even 
to cold rolled steel. 

In the case of one of the copper caps having a central 
cavity on the inside (produced by the tip of a drill em- 
ployed in making the cap), the cavitation that had oc- 
curred on the outside of the cap had caused the bottom 
of this cavity to fill in as if the metal were being ham- 
mered upward from below. This would be expected, 
and appears to be analogous to pressure effects accompany- 
ing cavitation in practical hydraulic apparatus. 
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Fig. 11. Cavitation Erosion of Aluminum Alloy in « ‘arbon 
Tetrachloride. Weight loss vs. temperature for different 
exposure times. 
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THE MANUFACTURE OF 


FINNED COPPER 
TUBING 


OF COPPER OR ALUMINUM 


by Edwin F. Cone 


icate metal products require difficult mechanical 
ipulations in fabrication. In such cases production 
is oft: 1 radically simplified by the development of a special 


T E ARE MANY INSTANCES in industry where 


mach This usually results in a better product and in 
larger »roduction. An excellent example of this is finned 
tubing of copper and aluminum. 

For . number of years the Wolverine Tube Co. of De- 
troit, :..nufacturers of copper, brass and aluminum tubing, 
has be. turning out tubing which has fins of metal of 
tapered thicknesses on the outside. This product is used in 
heat ex. hangers. 

Un 1e new process, here described, was perfected, the 
fins o! ‘hin metal were attached to the tube in separate 
pieces-—by casting, brazing, welding or other means. This 
natura!!y involved much labor and time. Even under the 


most favorable conditions the resulting product was not all 
that could be desired. For example, where high tempera- 
tures are involved and, where vibration has to be withstood, 
tubes with fins attached by the older methods are not in 
all respects satisfactory. 


A Special Machine Developed 


_In order to produce a product not subject to the objec- 
tions mentioned above, the Wolverine Tube Co. set about 
to develop a machine which would turn out a finned tube 
made from solid metal—a tube in which the fins would not 
be attached by any mechanical means. After several years 
of experiment and research, a machine was perfected which 
passes a tube of metal between a set of rolls which so work 
the metal that a one piece finned tube emerges. 

As indicated by one of the illustrations, the two rolls are 
so constructed that the metal tubing, as it passes through, 
meets successively a series of flutings in the rolls, varying 
Pfogressively from a V shape to a slot. The metal is thus 
gradually extruded by the rolls until fins of definite thick- 
ness and spacing result. By far the largest production is 





































Preparing Coils of Firned Copper Tubing 


copper finned tubing though considerable aluminum finned 
tubing is made. 

The rolls of the finning machine are made of an unal- 
loyed, 1 per cent carbon steel, heat-treated to a hardness of 
Rockwell C 40 to 45. Rolls of this composition have been 
found to be equally as satisfactory as any alloy steel rolls. 

The metal in the tubing which is to be made into the 
finned product must possess properties adaptable to the 
process—ductility and formability without cracking, absence 
of excessive work hardening properties, uniformity in struc- 
ture and capability for heat treatment. 


Special Copper Used 


In the case of copper for finned tubing, oxygen-free, 
high-conductivity ““OFHC” copper’, as made by the United 
States Metals Refining Co., is peculiarly adapted to the new 


Another View of the Method of Coiling Finned Tubing 








These small billets are then manufactured into tubes. 
The billets are heated to the proper extrusion temperature 
(1350 deg. F.) in an oil-fired muffle type furnace having a 
reducing atmosphere. The tubes, as they come from the 
extruder, are immediately straightened by hand manipula- 
tion and then quenched in water. 

These extruded tubes are then drawn to size. A definite 
base size tube is necessary for running through the finning 
machine.. The dimensions are regulated by the type and 
size of finned product to be made, whether of copper or 
aluminum. The dies through which the base size tubes are 
extruded or drawn are usually of tungsten carbide though 
for certain purposes a high-carbon steel die is used. 
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Controlled Atmosphere Furnace for 
Annealing 
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The next step in the process is to anneal to dead softness 
the base size tubes before finning. This is accomplished 
in a controlled atmosphere furnace. The furnace used is a 
large one, made by the General Electric Co. The annealing 
must be accomplished in an atmosphere free from oxygen, 
made by burning a mixture of 81/, parts of air with 1 part 
of natural gas. The product is free from oxygen but con- 
tains some sulphur and moisture which must be removed, 
‘ The inorganic sulphur is removed by passing the gas 
through iron oxide. The gas is then sent through cooling 
coils to remove the organic sulphur that remains and also 
the moisture. Thus the gas is in turn freed from oxygen, 
sulphur and moisture. It enters the furnace at the rate of 
about 4500 cu. ft. per hr.—sufhcient to insure a sligh: pres- 
sure and prevent the entrance of outside air. 

Coiled tubing, before it enters another General | 
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process. This is received at the plant in slugs or small 
| heat 


round billets about 8 to 9 in. long and about 5 in. in di- 
ameter. These have been cut at the producer's plant from 


annealing furnace (controlled for a different speed at 
than for straight lengths) is purged with this same gas, 


the regular, vertically cast, round billets. admitted under a pressure of about 25 Ibs. per sq. im. 


A Group of Coils of Finned Copper Tubing 


The 5 Speci Machine on which is Produced Finned Metal Tubing in 
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Straight tubes are self-purged, due to the stack effect and 
the excess pressure inside the furnace. The resistor ele- 
ments are located above and below the alloy mesh belt 
which transports the tubes through the furnace. A series of 
fans throughout the heating chamber assures uniform tem- 
perature distribution and more rapid heat transfer. In the 
case of base size copper tubes for manufacture into finned 
tubing, the temperature of the tubing is 1050 deg. F., the 
furnace temperature reaching 1200 deg. F. 

The cooling zone of the furnace also contains the special 
atmosphere to prevent oxidation or tarnishing. The tubes 
emerge from the heating zone of the furnace and enter the 
cooling section which is roughly twice the length of the 
heating zone. This cooling zone is also equipped with fans 


to accelerate the cooling. In this the tubes fall to approx- 
imately room temperature. The speed of passage of the 
material through the furnace is accommodated to the tem- 


perature and the metal involved. 

The tubes, as they come from the bright annealing fur- 
nace in a dead soft condition, are ready for the finning ma- 
chine, and are there made into the finned product known 
as ‘All-In-One Finned Tubing.” The fins on the finished 
product have a full hardness of Rockwell B 60. There is 
a definite relation between the dimensions of the base size 
tubes ind the finned product, whether copper or aluminum. 
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The Controlled Atmosphere Furnace for Bright Annealing Finned Metal Tubing 





Pure Al for Aluminum Tubes 


In the case of the manufacture of finned aluminum tubes, 
the metal used is commercially pure aluminum (2S). This 
is subjected to the same manufacturing and annealing oper- 
ations except that the temperature in the bright annealing 
furnace is kept down to 1000 deg., F., the metal reaching 
850 deg. F. 

The finned tubing produced as described, if it is to be 
used in the form of a coil or in any shape requiring bend- 
ing, must be annealed to reduce the hardness produced by 
the cold working. This is done in the same bright anneal- 
ing furnace already described and under the same conditions 
for either copper or aluminum. The finned product is sold 
either in straight sections, which also may be annealed if 
specified, or in coils as illustrated. 

Thus there is produced, on a large scale and by a com- 
paratively simple process, finned tubing of copper or alumi- 
num which surpasses in decided measure the products made 
by earlier processes. 


Reference 
1*“The Manufacture of Oxygen-Free, High-Conductivity Copper,” 
Edwin F,. Cone, Metats anp Attoys, Vol. 8, February, 1937 33-37 
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| Bauxite. Pumping 


into a Py ecipitator. 


Vining Bauxite, the Ore of Aluminum, by Open Pit Method: 


A Step in the Purification of Bauxite. Filtering the impurities out of the 
‘odium alum inate solution. 


To Change Aluminum Hydroxide into Aluminum Oxide, he Hyatt 
Is Heated White Hot in Large Rotating Kil) 

















Coiling and Shearing Strip Sheet 


ne Aluminum Pigs in a Reduction Works. 


Rolling Aluminum Sheet 


(Bottom) The Largest Power Shovel Dipper ever Built—32 Cu. Yd. Capacit 
It is made principally of aluminum alloys as follows: (1). Shell plates (alum 
num alloy rolled plate). (2). Tofm-back pad casting (heat-treated aluminu 
alloy casting). (3). Bottom back pad casting (heat-treated aluminum alloy ca 
ing). (4) Hinges (heat-treated aluminum alloy casting). (5). Bail (aluminu 
and steel alloys). (6). Teeth (manganése steel). (7). Cutting lip (mangan 
steel). (8) Bottom band (manganese Steel). T be light-weight dipper 
about 30 per cent larger capacity than a conventional dipper for the sam 
machine. It was manufactured by Marion Steam Shovel Co., for Northe 
Illinois Coal Corp. It has been in service since November, 1935, is still 
perfect condition, and has required no repairs 
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Diffusion in Solid Metals—t 


by AL 1. Krynitsky 


A CORRELATED ABSTRACT 


Associate Metallurgist, National Bureau of Standards, Washington, D. C. 


(Publication Approved by the Directors) 


The part which diffusion plays in the behavior of alloys is of 


such importance that it is remarkable that so little attention has 
been given to its study.—W. Rosenhain.’ 


this subject, the diffusion phenomena in solid metals 

still seem to be very far from being solved. The reason 
for this evidently is that diffusion in many cases is a much 
more complicated process than is usually assumed, and ap- 
parently is very intimately connected with the crystalline 
and atomic structures of metals. If one only recalls the 
amount of work which was done and still is carried on to 
explain the nature of martensite and the hardness phenom- 
ena in general, he will readily see how little study has been 
devoted to explain the mechanism of diffusion in solids, 
which is certainly a no less complicated problem than the 
two just mentioned. Although it. is difficult to form at 
present a clear conception of this problem, the results ob- 
tained thus far are of such theoretical and practical im- 
portance that they seem to justify an attempt to make a 
correlated abstract on this subject. 


z SPITE OF MANY INVESTIGATIONS made on 


The Effect of Time is Familiar in Respect io the Depth of Case of Carburized Objects. The macrographs, all at 10 diameters, show (left) 


Early Experiments on Diffusion 
in Metals 

COMPREHENSIVE SUMMARY with a number ref- 
A erences on “Diffusion in Solids’ was published by 
Desch? in 1912. According to him the earliest sc entific 
record of the production of an alloy by union in the solid 
state appears to be an observation by Faraday and Stodart 
that iron and platinum can be alloyed by welding at . tem- 
perature below that at which fusion can take plac. A 
solid solution is formed in this case. It was shown by 
Tchernoff® in 1868 that, if two surfaces of steel >f the 
same nature be placed in intimate contact and heate:' above 
the A, point, they will unite. 

The earliest systematic investigation of diffusion in the 
solid states is due to Spring*. It was observed by him 
(1882) that various powdered solids could be formed into 
a compact mass by the application of high pressure at ordi- 





metal heated at 1550 deg. F. per Y br., (center) heated at 1580 deg. F. for 1 and (right)heated at 1550 deg. F. for 2 brs. In lig 
baths, using cyanides as the active agents, both carbon and nitrogen are introduced into the surface. The carbon diffuses the faster, 0 


case has a sharper gradient as to nitrogen than it bas as to carbon, 


The macrographs show a gradual increase of penetration of case™ 


samples of steel held in the carburizing bath for different periods of time. 
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S. A. I i0, Gas Carburized 3 hrs. at 1600 deg. F. Magnifica- 
¥ n 100 X (Courtesy: Surface Combustion Co.) 

With proper atmosphere to supply carbon at the rate at 
which i: in be diffused into the core, the proper time and tem- 
perature, -mnooth blending of case and core can be obtained. 
nary teriperature. In 1909 these experiments of Spring 
were exicnded by Masing** who compressed mixtures of 
the filings of various pairs of metals in a steel cylinder 


under pressure of 1,000 to 5,000 atmospheres. With the 
help of thermoanalysis, metallographic examination, and 
measurement of electrical resistivity he estimated, the extent 
to which union had taken place after heating these mixtures 
to different temperatures and for different periods of time. 
Masing found that pressure alone had no influence on dif- 
fusion and served only to bring the fragments of the two 
metals into intimate contact. 

In the further experiments of Spring*, two cylinders 
of the same metal (see Table 1), accurately faced and 


Table 1—Experiments of Spring on Diffusion in Cylinders Made of 
the Same Metal and Brought into Intimate Contact. 


aca) Temperature, Duration of 
etals Deg. C. heating, Hrs. 
ry DSS hivsng es eens ciate. 395 12 
Cg TTT t Steere teen en eee es 418 8 
Bp icc teeta eeeeeeeeeee ees 295 5 
Cy TTT teeter a eee eenee es 240 7 
Ga Tritt rete ete eeeeeeeeeeeeees 403 8 
) eae Cee 190 8 
Pe ttt tence cece eewenes 400 4 
Ph Tite tet e tees eeeeeeeees 400 4 
ieee eee eee 300 6 
bpheks.s ktiieo vs Sbiwsvocieniess 206 3 


Cleaned from grease, were found to adhere firmly when 
pressed together at ordinary temperatures and to become 
fully united on heating. Union occurred with all the metals 
‘xamined, with the exception of an antimony, and was 
usually so intimate that when the two cylinders were subse- 
quently separated by force the fracture passed through the 
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metal on one side or the other of the plane of junction. 
The first quantitative investigation on the mutual pene- 
tration of metals in the solid state was reported by Roberts- 
Austen® in his famous Bakerian lecture in 1896. In these 
experiments discs of gold or of alloy of lead with 5 per cent 
of gold were accurately faced and pressed into contact with 
cylinders of pure lead. The specimens were then kept at 
constant temperature for several weeks, and the diffusion 
was measured by cutting the lead cylinder into discs and 
estimating the proportion of gold in each disc. The gold 
alloy was placed at the base of the lead cylinder and dif- 
fusion took place against gravity. The following results 
(Table 2) were obtained after heating at 165 deg. C. 





Table 2—Diffusion of Gold in Lead after Heating at 165 deg. C. for 
30 days, expressed in sq. cm. per day. 


No. 
of section Weight of Gold, Diffusivity, 
from base section, g per cent sq. cm. day 
Sy See ee ee Eee ee 0.64 0.039 osee 
ot Oe ora ere 2.33 0.030 0.005 
eee a ads ont dec apaeee 2.02 0.015 cess 


for 30 days (Experiment No. 1). The higher the tem- 
perature the greater were the values fot the diffusivity 


(Table 3). 
Table 3—Diffusivity of Gold into Solid Lead. 


Diffusivity expressed in sq. cm. per day 


Temperature 


: age - se 
of heating, Roberts-Austen, Orstrand and Dewey, 


Deg. C. sq. cm. day sq. cm, day 

PGs wees $e aees nt vine 0.00002 0.0002 
10.0002 

CO iw ova ad 660 Oda Mk bell 4s eee 0.0043 

| Seer orererr rt. ere SS ae com ee ee 
10.005 

1 ere ee oat. Fe Cee 0.0076 

DOE “City odicc de aesksiet sat eX) >. fp ee) Cape e 
10.008 

BOL s. B5N whew ee be ct edo Hae ee eR oe goo a es 
0.030 

O08. ciilee en Gade br)’ caw et $3.00 ye 
3.07 


The diffusivity in this table is expressed in square centi- 
meters per day as calculated by means of Fick’s law of dif- 
fusion. Fick's law states that ‘The quantity of salt which 
diffuses through a given area is proportional to the differ- 
ence between the concentrations of two areas infinitely near 
each other.” 

Fourier’s theory of thermal conduction was applied by 
Fick to the phenomena of material diffusion generally. The 
movement in linear diffusion may be expressed by the dif- 
ferential equation: 


dv d*y 

dt dx?’ 
where x is the distance in the direction in which diffusion 
takes place; v is the degree of concentration of the diffusing 
metal, and t is the time. k is the diffusion constant, that 
is, the number which expresses the quantity of the metal, in 
grams, diffusing through unit area (1 sq. cm.) in unit time 
(one day) when the difference in concentration (grams per 
cubic centimeter) is maintained between the two sides of 
a layer one centimeter thick. The unit of diffusivity has 
the dimensions (L?T-1), so that diffusion constants may 
be expressed in square centimeters per day. The constant 
has a definite value for each pair of metals at a particular 
temperature. 

Similar experiments were carried out by Roberts-Austen® 
at room temperature (around 18 deg. C.) for a period of 
four years. At the end of the four years the discs of gold 
were found to be adherent to the lead. The lead cylinders 
were divided into thin slices at right angles to the longi- 
tudinal axes. The first section was approximately 0.75 
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mm. thick, but the succeeding layers were about 2.3 mm. 
thick. Gold was found in each of the four slices, whereas 
only the minutest traces of gold could be found in any 
slice beyond the fourth from the base. Another experi- 
ment carried out by Roberts-Austen showed that the rate 
of diffusion of gold into solid silver at 800 deg. C. is of 
the same order as that of gold in lead at 200 deg. C. 

Van Orstrand and Dewey’, who (in 1915) repeated the 
experiments of Roberts-Austen on the diffusion of gold in 
solid lead at the temperatures of 100, 150, 180 and 197 
deg. C., using greater refinements in measurements and cal- 
culations, found that Roberts-Austen’s values of the coef- 
ficient of diffusion of gold into solid lead are practically 
correct except for the value at 100 deg. C., which is prob- 
ably too small. They also found that the value of the co- 
efficients probably increases with pressure. 


Principles Governing Diffusion 
in Solid Metals 


LTHOUGH the mechanism of diffusion in solid metals 
A was the subject of a great deal of study from many 
viewpoints by the recent investigators, the results obtained 
are hardly comparable as the experiments have been carried 
out under widely varying conditions. However, as far as 
can be judged from the data available at the present time, 


the following factors seem to be the most important in the 
occurrence of diffusion in solids. 


influence of Temperature 


As the temperature is increased, the amplitude of the 
thermal oscillations increases and the rate of diffusion jp. 
creases. The following expression for the diffusion coef. 
ficient was developed by Dushman and Langmuir’: D = 
K d?, where d is distance between the layers of atoms of 
the solid and K is a frequency analogous to the velocity 
constant of unimolecular chemical reactions. The velog 
of such reactions is approximately given by the semj- 
empirical relation: 

QI -Q/RT 


et 
Nh 


According to their calculations 


1 
there is a linear relation between log D and —, where T 


is the absolute temperature. 

A very extensive investigation on diffusion in solid 
metals was carried out by Weiss®. In his study of the 
diffusivity-temperature relation, in order to eliminate cer- 
tain factors such as irregularity of contact and mechanical 
distortion, Weiss used a silver-antimony alloy containing 


Continuous Pusher Type Furnace for Case-Hardening with Solid Carburizer (Courtesy: The Electric Furnace Co.) 
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14 per cent of antimony. In the state of equilibrium this 
alloy is a homogeneous solid solution. Under certain con- 
ditions, however, it may be brought into a state of hetero- 
geneous solution containing dendrites of Ag,Sb, which are 
colored violet when etched with ferric chloride solution. 
During annealing this constituent is dissolved in the matrix 
and disappears entirely. The time in which it disappears 
may be established with the aid of a microscope very ac- 
curately. 

A number of specimens of such heterogeneous alloy were 
prepared. They were heated at different temperatures and 
for different periods of time until the moment of disappear- 
ance of the Ag,Sb constituent. Comparison of the veloc- 
ities or homogenization at different temperatures permitted 
the establishment of the following relation: 


= KaT where v is 


®|~- 


the rate of diffusion, and equivalent to the reciprocal of 
time; @ is time; and T is absolute temperature. a and K 
are constants which must be determined experimentally. 

The formula above may also be written: Inv = InK + 
Tina and represents the straight-line relation where Ina 
determines the slope of the straight line. This relation 
was recently confirmed by Ageew and Vher!? by their 
experiments on the diffusion of aluminum in iron (con- 
taining ”.15 per cent of C), carried on in an atmosphere 
of nitrozen at 1,000 to 1,100 deg. C. Strictly speaking, v 
in the <juation above is the rate of solution and not the 
rate of «\\{fusion but it is thought that the process of homo- 
genization of alloys requires diffusion and it seems of sig- 
nificance that the exponential relationship established ex- 
petiment.!ly by Weiss is very similar to the Dushman- 
Langmuir equation. 

A very interesting contribution to the subject was pre- 
sented by Seith and Laird™!. These authors have studied 
the diffusion into lead of silver, bismuth, thallium and tin. 


They express their results in the form of Van t Hoff's equa- 
tion: 


Q 
D = Ae ORT or InD = InA — 





RT 
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any given temperature and the change of that rate with 
change of temperature. 


the absolute emperatue ( — ) resi Yamauchi!” ob- 


expressed the relation between /\w and T by the following 


l 

If InD is plotted against —, a series of straight lines 
e 

is obtained which represent both the rate of diffusion at 


Plotting the logarithm of the amount of zinc diffused 
into copper per unit area (In \w) against the reciprocal of 


] 


e 


tained for both cast and rolled copper straight lines and 


formula: 


Aw = AeT 
where A and B are constants. It was found that at low 
temperatures the amount of zinc diffused per unit area 
gives lower values for rolled copper than for cast copper. 

As the temperature rises, however, the former gradually 
approaches the latter, with the removal of stresses owing 
to the recrystallization, so that both give the same value 
at about 600 deg. C. Van Liempt!*@ found that the dif- 
fusivity of molybdenum into tungsten varies approximate- 
ly as the 19th power of the temperature. In comparing 
now the results obtained on the diffusivity-temperature 
relation by different investigators, it is doubtful whether 
one formula can be developed which will hold good for 
all cases of diffusion in solid metals. It seems, however, 
that the Dushman-Langmuir equation is probably more 
nearly correct interpretation of the diffusion phenomena. 





The Manner In Which Diffusion 
Takes Place 


It appears that penetration of one metal into another 
may be accomplished in the following manners: (1) By 
migration along the crystal boundaries, (2) by transfer 
through the-solid solution, and (3) by formation of an 
intermetallic compound. Such a division is here consid- 
ered only for canvenience in further discussions. 





This Specimen Was Carburized 
in a Properly Carburizing Atmos- 
phere and then Heated in a 
Decarburizing Atmosphere. The 
carbon diffused inward during 
carburizing, but when the sur- 
face began to be depleted in 
carbon, it diffused both inward 
and outward, illustrating the de- 
pendence of diffusion upon a 
concentration gradient. Specimen 
etched with nital. Magnification 
100 X. (Courtesy: Hevi Duty 
Electric Co.) 
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Cross Section of Fe-C» Specimen after Diffusion 
Had Taken Place. Top—Etched with nital. 
Magnification 5 X. Center—Etched with FeCl; 4+- 
HCl. Magnification 5 X. Bottom—Etched with 
FeCl; +- HCl. Magnification 10 X. When the 
boundary line between he two zomes crosses a 
grain boundary between the columnar grains, a 
pronounced V is formed, the apex extending away 
from the coarse-grained material in the interior, 
This phenomenon was found consistently. The 
boundary line seems to be lacking at the upper 
left-hand side of this photomicrograph. 








7. Diffusion by migration along the crystal boundaries. 

The entering element has to get through somehow, and 
the general hypothesis is that diffusion may occur along 
the crystal boundaries, as has been shown for the diffusion 
of thorium through tungsten filaments, and observed by 
Desch?* in his experiments with zinc and polycrystalline 
copper, carried out at low temperatures. In practically 
all cases examined he found a narrow band of alpha- 
constituent running along the crystal boundaries, 

It is known that the solubility of carbon in alpha iron 
does not exceed 0.035 per cent at 700 deg. C. and falls to 
less than 0.01 per cent at room temperature. On the 
other hand the migration of carbide takes place freely in 
the neighborhood of 630 deg. C. The result of this is 
that carbide segregates along the crystal boundaries or is 
deposited on already existing crystals of cementite if the 
temperature is maintained below the critical point. 

It was found by Sakharova’ in her investigation on 
the diffusion of copper into commercial iron at 1,300 
deg. C. that copper or a solid solution of iron in cop- 
per diffused between the crystals of ferrite. 

2. Diffusion by transfer through solid solution. 

In his excellent discussion on this subject, Desch™® 
states that it “is necessary for diffusion through a space 
lattice that the two elements shall be capable of forming 
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solid solution with each other.” This means that the 
solvent must be able to accommodate the “‘strange:’’ atoms, 
either on points of its own lattice (substantial type of 
solid solution) or in the interstices between (interstitial 
type of solid solution), without losing its own crystallo- 
gtaphic identity. 

There is a great number of observations relating to the 
formation of solid solution by the process of diffusion. 
Some of these observations will be briefly described be 
low. It has been observed that a layer of silver, de 
posited on copper, may be absorbed by the copper i 
course of time if it is sufficiently thin?. As copper is GP 
able of dissolving about 5 per cent of silver in the solid 
state, absorption will cease when this concentration has 
been reached. It has been suggested!® that the absorption 
might be hindered by interposition of a thin layer of 
electrolytic iron, in which silver is not soluble to a mea 
urable extent. 

When nickel wire 0.5 cm. in diameter was coated with 
copper to form a compound wire containing 59 per cet 
of Cu and 41 per cent of Ni and then heated to 1,00? 
deg. C. in hydrogen?, a slight increase of electrical com 
ductivity was noticed in the first hour because of the com 
version of electrolytic copper into the better-conducting 
annealed form, but after this there was a continuous 
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Micrographs Showing Columnar Structure 

Produced by Diffusion of Chromium in Iron. 

Cold-rolled iron (left) chromized at 1300 to 

1350 deg. C. for 4 hrs. Magnification 70 X. 

Cold-rolled iron (right) chromized at 1300 

to 1350 deg. C. for 8 hrs. Magnification 
42 X. 








crease in conductivity. The minimum conductivity was 
reached after 140 hrs. of heating, when the value attained 
was exactly that of a homogeneous alloy of the same (59 
per cent of Cu + 41 per cent of Ni) composition. Sim- 
ilar results were obtained when gold wires were coated 
with silver or copper. 

A very interesting case of diffusion of copper in pure 
aluminum has been recently observed by Burkhardt and 


Sachs’ The sheets of aluminum alloy containing 4 per 
cent of copper and 2 per cent of silicon, 1 mm. thick, clad 
with pure aluminum 0.05 mm. thick, were heated to 500 
deg. for 12, and 25 mins. and quenched in water. 


The surface was then etched off in steps of 0.005 mm. 
and the sheets were examined by the X-ray method for 


the determination of the lattice constants. The outside 
surfacc showed only the sharp lines of pure aluminum; a 
little per the lines spread, which indicated a diffusion 
of copper alloy into the pure aluminum. After the dif- 


fusion |:yer was completely etched away, the sharp lines 
of the Al-Cu-Si alloy appeared. Graphs of the lattice 
constant at various depths indicated that after 25 mins. 


of heating at 500 deg. C. a pure aluminum layer slightly 
more than 0.02 mm. thick remained on the surface; be- 
yond this it was contaminated with copper. It is esti- 
mated that after 2 or 3 hrs. of heating the copper would 
diffuse to the outside surface and the corrosion-protec- 
tion would be lost. X-ray results were verified by micro- 


scopic examination and measurement. 

It was also found that alloys containing magnesium 
(Duraluminum, Bondur) behaved with respect to the 
diffusion of copper in clad sheet as those free from mag- 
nesium. When a specimen of Armco iron was brought 
into close contact with very pure tin and the whole as- 





sembly was heated for 20 hrs. at the temperature of 1,050 
deg. C., slowly cooled, sectioned, and examined under a 
microscope, there was a band of columnar crystals com- 
mencing at the tin interface and penetrating into the main 
mass of iron. It was shown that this band consisted of 
a solid. solution of tin in iron and was a result of diffusion 
of tin into iron. It was also found that in every case 
the columnar structure was produced only on _ heating 
above the AC, point and no evidence of diffusion of tin 
into iron was observed below that point’. 

A similar structure, consisting of a border of columnar 
grains ending in a sharp boundary line, was observed by 
Griibe in his study of the diffusion of chromium into iron?®, 
and in some other systems". 

The same observation was made by Kelley?*. According 
to him, it seems to be a general law, whenever two metals 
are brought into intimate contact at a temperature at which 
diffusion takes place, that a comparatively rapid, or ab- 
normal, grain-growth results. The grains are nearly always 
oriented with their long axes parallel to the direction of 
diffusion. He pointed out that the, boundary line does 
not consistently cross all grains, and suggested that where 
the boundary line does not occur the interior grains had the 
same orientation as that assumed by the columnar grains. 
An excellent illustration of the columnar structure produced 
by the diffusion of chromium into iron is given by Hicks?*. 
The boundary line dividing the interior portion of the spec- 
imen of iron from the outer zone of columnar crystals is 
perfectly sharp and follows the outer contour of the speci- 
men remarkably. In some crystals, however, this boundary 
line was lacking, which fact is in agreement with the above 
observation of Kelley. 

According to Jones?* when the element 4 diffuses into 











Armco Iron (left) Heated in Chromium. Mag- 

nification 200 X. Armco lron (right) Heated 

in Chromium Twice as Long as Sample Shown 
at Left. Magnification 100 X. 


Comparison of these photomicrographs indi- 
cates that, on longer heating, the columnar 
grains may grow in width as well as in depth. 
The sharp line usually found between colum- 
nat-grained zone and the core is of consider- 
able interest. 
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metal a, it will do so with the production of one or two 
possible effects: Either (1) the atoms of 4 will accept the 
lattice of a and will thus produce a solid solution 4, or (2) 
the diffusing atoms of 4 will saturate the existing lattice 
of a, and a new phase, dp, will be formed. If a also has a 
range of solubility for 5, and if the supply of 4 by diffusion 
through a, be sufficient to maintain the requisite concentra- 
tion, then a boundary will be perceived in the micro-struc- 
ture, which marks the transition of the phase a, to a2. Such 
a boundary line lying in a diffusion zone is therefore invari- 
ably an evidence of phase change. 

Jones describes this boundary line as a ‘‘diffusion bound- 
ary’ and divides the elements diffusing into iron into 
two groups: The elements of the first (Al, Sb, As, Be, Cr, 
Mo, P, Si, Sn, Ti, W, U, V, Zn), when allowed to diffuse 
into iron at temperatures between 1,000 and 1,300 deg. C., 
do so by the production of a ‘diffusion boundary” and a 
columnar diffusion growth of ferrite. It is to be presumed, 
therefore, that the binary system of each such element with 
iron includes a y-loop, which, for instance, may be seen in 
the iron-chromium constitutional diagram of Adcock?. 
The elements of the second group (B, C, Co, Cu, Au, Ir, 
Ni, Mn, Ag), when allowed to diffuse into iron at temper- 
atures between 1,000 and 1,300 deg. C., do not produce a 
“diffusion boundary’. It is to be deduced, therefore, that 
each stabilizes the » modification of iron. 

3. Diffusion by formation of intermetallic compounds. 

In his study of diffusion through the formation of zones 
of intermetallic compounds, Weiss® employed small cyl- 
inders made of different metals. One base of each cylinder 
was carefully polished. Two cylinders were then placed 
with slight friction in an iron tube lined with an asbestos 
sheet and their polished bases were brought mechanically 
into intimate contact with each other. The whole assembly 
then was heated at various temperatures, cooled, and sawn 
in half for microscopic examination. From his observa- 
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A 70-30 Brass Annealed in Contact with Zinc for 56 Hrs. at 450 

deg. C. Magnification 100 X. The lines dividing the diffusion 

zones between a and B, and B and Y, are as sharp as if scribed 
with a compass. 


tions on the diffusion of Ag-Sb; Cu-Sb; Ag-Sb and Au-Sb, 
Weiss concluded that the results obtained can be expressed 
by the following equation: 

8 = bx’ 
where @ is time, x is the thickness of a layer of the com- 
pound formed, and b is a constant. 

When an intermetallic compound is formed by diifusion 
the boundary of the new phase is perfectly sharp. That 
the 8 phase in the copper-zinc system does not break up 
into a eutectoid of a and y at 470 deg. C. was proved by 
the diffusion of zinc into copper. 

When a small cylinder of an alloy of 70 per <ent of 
copper and 30 per cent of zinc was brought into close 
contact with zinc and the whole assembly was hea‘ed for 
3 days at 420 to 430 deg. C., a layer of 8 phase was | ormed 
and was perfectly distinct?®, (To be Con/inned) 
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Steel Reminiscences—V 


(Concluded from the last four issues) 


1885 when at the Norway works. The manager, 
George Billings, showed me a small bar saying that 
it contained 9 per cent manganese. In my ignorance I cor- 
rected him saying, “You mean 0.90 per cent.” ‘‘No,” he 
replied, and I recoiled. It was made by Washburn in a 
small crucible steel plant at Allston, Mass. Hadfield had 


M FIRST KNOWLEDGE of manganese steel was in 


discovered and patented it, so Washburn knew of it and 
tried it out. The toughening imparted by heating and 
quenching was not mentioned at that time. 


Early Manganese Steels 


At Liiden I made some manganese steel surreptitiously 
about ). I melted a quantity of ferromanganese in a 
crucible ; laced within the steel furnace, and then ran into 
the cruc le from the ladle enough Jow carbon steel— 
about 30 bs.—to give the desired proportion of manganese. 
After on. or two failures, I made an ingot containing, as I 
recollect, .bout 11 per cent manganese. 

One o! the products made at Linden was cold-drawn 
shafting and the dies through which it was drawn failed 
too soon. I had my manganese steel ingot forged down to 
make a square cake about 7 in. x 7 in. x 2 in. thick. I said to 
the master mechanic, not knowing any better, ‘‘Now, if you 
can put a hole through this, it will make the best die you 
ever saw. “Oh!” said he, “I'll put a hole through it all 
tight." But he didn’t. He tried to for some hours but 
penetrated only a little way. Then he said, “It would be 
of no use to put a hole through it for I could not cut it 
out to the right size.” We did not then know that extreme- 
ly slow speed was necessary for cutting such steel as well 
as specially hardened drills. Manganese steel would not 
serve well in such a die as it flows too easily under pressure 
of impact in spite of its great resistance to cutting or wear. 


Studied Hadfield Process in England 


In 1891 I went to Sheffield, England, to study the Had- 
field system for making steel castings, including manganese 
steel, for the Taylor Iron & Steel Co., High Bridge, N. J., 
who were Hadfield’s licensees. We built a plant there for 
working the process which was started in 1893 at the begin- 
ning of a serious business depression brought on by, or at 
least following, Cleveland's Venezuela message. It was 
40 unpropitious time to start a new business. 
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by Henry D. Hibbard 


Consulting Engineer, Plainfield, N. J. 


One thing that venture demonstrated was that the life of 
an English patent, 14 years, was far too short a time for 
the inventor of a thing at all revolutionary, or complicated, 
to profit much from it. It also showed that the conception 
and patenting of an invention, however good, is but a small 
step toward making a profit from it. The time, energy, and 
money expended in developing, manufacturing, and intro- 
ducing it are the great things to that end. Manganese steel, 
being such a novel material, was but slowly introduced. Its 
great merit for purposes for which it was well suited mili- 
tated against it. A salesman, almost in tears, exclaimed- 
“The damn stuff never wears out. You have to get a new 
customer every time you make a sale.” 

When showing manganese steel to a new “prospect,” 
after its resistance to cutting and wear were understood, the 
inevitable question arose—''will it make a good cutting 
tool?’ It was of no avail to say that it would not. But, 
as I said to one engineer, ‘As soon as I have gone, you will 
sneak down and have a tool made of it.” He laughed 
but later confessed that he had done so, saying, “I could not 
understand why you would run down your own steel, but 
could not see why a steel so hard to cut would not make a 
good tool.”’ 


Joined A.I.M.E. in 1879 


In 1879 I joined the American Institute of Mining En- 
gineers and attended, in Montreal, Canada, my first meeting 
of that organization. To me it was a great event. Among 
the notables present were Eckley B. Coxe, president; T. M. 
Drown, secretary; Rossiter W. Raymond, founder and fu- 
ture secretary; Dr. T. Sterry Hunt, my former professor 
of geology; Prof. R. H. Richards, my teacher of mining; 
Alexander L. Holley, the leading steel-works engineer; and 
many others. Holley read a paper on washing pig iron 
at Krupp’s works in Germany. Thirty years later I con- 
tributed to the Institute a second paper on that subject, deal- 
ing with the practice at Youngstown, O., far ahead of what 
Holley had described. Washed metal was sometimes sold 
on a guarantee of not over 0.006 per cent phosphorus, and 
heats were made containing but 0.001 per cent of that 
element. 

One feature of the Montreal meeting was a visit to the 
British cruiser Tourmaline, which was visiting Montreal. 
Gilbert and Sullivan’s operetta, “Pinafore,” had just come 
out and was “all the rage,” and everyone was eager to see 
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what a British warship was actually like. So, though it 
was not on the official program, the whole party went, 
much to the disgust of Dr. Hunt, who, because it interfered 
with his plans, declared it to be “‘madness.”’ 


Philadelphia Meeting of A.1.M.E. 


In 1881 I attended a meeting of the Institute in Phila- 
delphia. The speaking at the dinner, held at the Union 
League Club, was notable. The Hon. Wayne MacVeagh— 
afterward attorney-general of the United States—made a 
speech which raised burst after burst of laughter. I do 
not now remember a single point he made but enjoyed it 
hugely. 

Then Raymond arose and all were at attention. There 
had been a fire in Secretary Drown’s office at Lafayette Col- 
lege at Easton, Pa. Drown saved the Transactions of the 
Institute, but lost much of his own property, both books 
and apparatus, so a collection was taken up for him without 
his knowledge and Raymond made the presentation. He 
told the facts, declaring that it was like Drown to act so, 
and said that it was felt that something should be done 
about it, that some acknowledgment of Drown’s unselfish 
action should be made. So it was decided to write a 
poem. He had the poem with him which he proceeded 
to read, It was: 


To the Cashier of the Eleventh Ward Bank— 
The subscriber would thank 
You to pay down 
To Thomas M. Drown 
The sum which “follers,” 
Three thousand dollars, 
Yours with pleasure R, 
W. Raymond, Treasurer. 


That dinner was also memorable for the unique menu, 
prepared largely, if not wholly, by the late Persifor Frazer. 
Each item of food and of drink was accompanied by an apt 
mining or metallurgical quotation, many from members of 
the Institute. At the end, after the item ‘Toasts’ was the 
quotation—‘‘at this point the bosh begins” by T. F. Wither- 
bee. Dr. Drown, in his affecting response to the poem, said, 
as he closed, that he would like to amend the menu by 
saying—'‘At this point the bosh begins,” with accent on 
“this,” which by raising a laugh relieved the situation. 

At a New York meeting in 1884 Henry Ward Beecher 
attended as a friend of Raymond. In his talk he said that 
he did not claim to know much about mining, but perhaps 
he knew as much about it as the average miner knew of 


theology. 


A.S.M.E. 


In 1929 I became a 50-year member of the Institute 
and was awarded with three others, at the San Francisco 
meeting, the appropriate badge and diploma. In 1933 I 
also became a 50-year member of the American Society of 
Mechanical Engineers. I was then, and for three years, 
the only one to be a 50-year member in both of those 


national organizations. 


With American Engineers in Europe 


In 1889 I went to Europe with the first large party of 
engineers to make such a trip. In the party were about 
300 including many members of the A.I.M.E. The main 
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purpose was to see the World’s Fair at Paris, and going jn 
a body was because of an invitation from English engineers 
to do so, and to spend two weeks in England, where map 
social events were arranged for us. We dined with our 
hosts, seated alternately with them, in the Guildhall of 
London, the first time it had ever been used for other than 
State occasions. 

A reception by Lord Brassey was superb. We did not 
however have time to examine his museum, collected by 
him from the whole world and housed in a three-story ap. 
nex to his Park Lane house. I inanely remarked to his 
daughter, who received us, on the excellence of the music 
by a band of Italian singers whose tones were actually 
smothered by the buzz or roar of conversation. She, with 
perfect politeness, observed that they considered music to 
be an incentive to conversation. 

At the diamond cutting works of his grandson, in Lop- 
don, I had a short talk with Sir Henry Bessemer. Answer. 
ing my question, he said that he would probably never go to 
America, as his doctor thought the ocean voyage would be 
bad for him. I rejoined that, thanks to rails made of his 
steel—as all rails then were—he might some day be able 
to go all the way on cars, at which he smiled and said that 
he would like to do so. 


At John Tyndall’s Home 


My best memory, is, however, of the day a limited num- 
ber of us went by invitation to John Tyndall’s home at 
Haslemere, I brought up the subject of the Matterhorn by 
commenting on a fine picture of that peak in his front hall, 
and he then told us of his unsuccessful attempt to scale it 
which had never been done. Lord Armstrong and Lord 
Carringford were there to assist in entertaining us. Lord 
Alfred Tennyson, who lived near, though invited by Tyn- 
dall, was not strong enough to attend. 

The Exposition at Paris included no German cxhibits. 
None were offered, and any offered would have bcen tre- 
fused. The Eiffel Tower, built for the occasion, was the 
outstanding feature. A few of us ascended, partly by lad- 
der, to Eiffel’s studio about 100 ft. above the third or 
highest public platform. An exhibit of copper bearing 
steels by Schneider, from the Creusot works, was notable 
among the metallurgical exhibits. 

The steel people of Europe, it was said, suspected that we 
had come to learn theit methods, and only a few were will- 
ing that we should visit their works, as a matter of fact 
there were only two or three steel men in the party. In 
Paris I saw a steel foundry with Robert converters making 
steel castings of excellent quality, mostly parts for mounting 
field artillery. In 1920 I again visited that plant. It was 
not far from the center of the city and a sort of nuisance 
to the neighborhood. Still they could not expel it but 
would not allow any extensions to be made. 


Visited Some British Plants 


In England I visited Jessops in Sheffield, and the Con 
sett Iron Works where were eight siemas of about 10 tons 
capacity each. I visited two shipyards. One was that of 
Armstrong, Whitworth & Co. at Newcastle but they would 
not let me into their steelworks. I saw there, howevet, 
with interest, the largest steel ingots I ever saw up to thea, 
and ingots poured in inclined molds. The purpose of 
slanting the mold was to allow the gases freer exit, but, # 
might have been expected, the practice was not contin 
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The other shipyard was that of the Fairfield Shipbuilding 
Co., formerly John Elder & Co., on the Clyde near Glas- 
gow. They built the largest ships of the period. 

We returned home on the City of Paris which then held 
the record for speed in crossing the Atlantic. Thirty-one 
ears later I crossed again on the same ship, then named the 
Philadelphia, on her last season. She had been wrecked at 
least once. 


A Letter from a Reader: 


Through the courtesy of Mr. Hibbard, we are privileged 
to reproduce a letter received by him from John E. Galvin, 
president, Ohio Steel Foundry Co., Lima, Ohio. A repro- 
duction of the open-hearth furnace, built in 1870, is also 
included. 


Dear Mr. Hibbard: 

I have been reading your ‘Steel Reminiscences’ and I noted 
with much interest that you had visited the Bay State Iron Co. 
plant at South Boston, Mass., and had been chemist at the Nashua 
Iron & Steel Co. at Nashua, N. H. 


Progress in Development 


Development from early days to the modern steel plant 
has been truly marvelous, and the end is not in sight, 
though perhaps the economic limit of size of furnace and 
mill has been reached. The blast furnace overdoes its 
function and the excesses of non-ferrous elements in crude 
iron are wasted. 


Wellman’s father was the general superintendent at the Nashua 
Iron & Steel Co. and I believe S$. T. Wellman, Jr. designed this 
furnace for the Bay State Iron Works. Mr. Wellman afterwards 
left the Nashua Iron & Steel Co. to design and build the Otis Steel 
Co. plant at Cleveland. Later on he invented the open-hearth 
charging machine and numerous other appliances for steel works. 

In addition, I am attaching a little pamphlet entitled ‘Forty-five 
Years of Open Hearth Practice’, which was written by my father 
for the Inland Steel Co. safety magazine. * * * Before father 
died I asked him to write something about the men with whom 
he worked but before he got to it he passed away. Among these 
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My father worked at the Nashua Iron & Steel Co. as a boy. 
The last years of his life were spent as open-hearth superintendent 
for the Inland Steel Co. at Indiana Harbor, Ind. He died about 
four years ago at Long Beach, Calif., in his eighty-fourth year. 

1 am enclosing a photograph of a drawing of the Siemen’s 
open-hearth furnace built for the Bay State Iron Works at Boston, 
Mass. in 1870. This photograph was made from a tracing made 
on May 12, 1915, from S. T. Wellman’s drawing No. 2215. Mr. 
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men was Major Bent, general superintendent of the Pennsylvania 
Steel Co. plant in 1876, where father started up and operated 
their open-hearth furnaces. In that year Major Bent sent father 
and C. E. Stafford, who was the chemist there, to Europe, which 
trip is mentioned in this pamphlet. 


Sincerely yours, 
JouHN E. GALVIN 
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TITANIUM IMPROVES 





Pearlitic Manganese Steel 


by George F. Comstock 


Metallurgist, Titanium Alloy Mfg. Co., 
Niagara Falls, N. Y. 


_ Mr. Comstock, in making this a technical-minded rather than a sales-minded discussion, 
has refrained from emphasizing that the full benefit of titanium is not reached with the 
smaller additions such as have been used for purposes of deoxidation and degasification, 
This is probably the reason why the beneficial effect now found, was missed earlier 
throughout the long period in which titanium additions have been made. 

Another point, indicated by Steel No. 4 in the table, but not emphasized, is that it 
seems desirable to limit the sulphur to about 0.03 per cent in order to obtain the most 
benefit from titanium on ductility and impact, so that the addition seems more effective 


in basic practice than in acid —H. W.G 


physical properties have recently been attained at sev- 

eral of the larger steel foundries, which specialize in 
railroad work, in the production of the high tensile pearlitic 
manganese steel for freight-car side frames and bolsters and 
similar castings. This steel, containing about 0.28 to 0.35 
per cent carbon, 1.20 to 1.60 per cent manganese and usu- 
ally small amounts of certain other alloys, is required to de- 
velop 90,000 to 100,000 lbs. per sq. in. tensile strength 
with good ductility and impact resistance, as normalized 
without liquid quenching. These properties are practically 
impossible to obtain in intermediate manganese cast steel 
without some other alloy addition. Lately it has been dis- 
covered that excellent physical properties are exhibited by 
normalized castings of this pearlitic manganese steel without 
any other alloy content if the steel is properly deoxidized 
with titanium. 

The advantages of strong deoxidation of steel have been 
thoroughly discussed in recent years by Herty and others in 
numerous technical papers issued by the Bureau of Mines 
or published by the American Society for Metals or the 
American Institute of Mining and Metallurgical Engineers 
and these advantages may be listed briefly as including a 
higher grain-coarsening temperature or the maintenance of 
fine grain-size at higher heat-treating temperatures, the 
separation of more ferrite in the microstructure, and better 
impact resistance and ductility. Of course these effects are 
closely inter-related. Since with manganese above 1 per 
cent, steel tends to have a coarse grain, with less ferrite at 
usual cooling rates, and poor impact resistance and ductility, 
it is obvious that the advantages of thorough deoxidation 
are of even more importance in this kind of steel than in 
plain carbon steel with normal low manganese content. 

But in cast steel the degree of deoxidation must be closely 
controlled for, if the steel is too strongly deoxidized, the 
sulphide inclusions are found to be arranged in a network 
pattern around the primary austenite crystals, with disas- 
trous results on the ductility, in spite of any heat treatment. 
This effect of over-deoxidation was described by the writer 
in 1924 (The Iron Age, Vol. 114, page 1477) and in 1929 
(Trans, A. S. S. T., Vol. 17, page 459), and was finally 
confirmed by Sims and Lilliequist (Trans. A. I. M. E., Vol. 
100, 1932, page 154) in such a manner as to be generally 
realized and accepted by metallurgists today. By careful 
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use of ferro-carbon-titanium, however, with good steel-melt- 
ing practice, the advantages of strong deoxidation of 
pearlitic manganese steel have been obtained without the 
undesirable effect on the sulphide inclusions. The amount 
of ferro carbon-titanium which has been used most suc- 
cessfully in basic open-hearth practice is 5 lbs. per ton of 
charge. 

Some representative physical properties of the newly de- 
veloped manganese-titanium cast steel are given in the 
Table. These values were obtained without liquid quench- 
ing, the heat treatment consisting of a single norm. \izing 
from about 1600 deg. F., followed by a draw at about 1050 
deg. F. The last treatment does not affect the microstruc 
ture, and probably not the properties either, but wa. used 
because it is believed to be useful for relieving strains in 
the large castings after normalizing. 


Table 1—Chemical and Physical Properties of Mn-Ti Steel 


Per Cent 
- = . 


Lbs. per Sq. In. Elon- Reduc- Ft. 

Chemical Analysis A. gation tion Lbs, 

Heat -<—————_-~>——_,_ Yield Tensile in of Izod 
No. C . Mua. Si P Ss Point Strength 2in. Area Impact 
1 0.30 1.68 0.43 0.019 0.028 78000 106000 28.0 59.0 40.0 
2 0.30 1.55 0.40 0.019 0.027 73500 99000 31.0 60.0 49.0 
3 0.263 1.46 0.37 0.029 0.026 63000 91000 31.0 55.0 55.0 
4 0.314 1.39 0.37 0.029 0.034 67000 96500 26.0 49.5 285 
5 0.294 1.45 0.37 0.028 0.026 64500 97000 28.0 55.5 39.0 
6 0.302 1.55 0.40 0.019 0.027 67500 94350 28.0 58.6 350 
7 0.295 1.41 0.40 0.026 0.025 71850 97450 28.0 51.4 34.0 


The first two heats in the Table were from a small in- 
duction furnace, but the others were made in 30-ton open 
hearths; and all except No. 1 were treated with 5 lbs. of 
ferro carbon-titanium per ton, No. 1 having received only 
31/, Ibs. per ton. That these results are entirely acceptable 
for high-tensile pearlitic manganese steel may be appred- 
ated by comparing them with the standard values for this 
grade of steel which are tabulated on Pages 404, 467, and 
741 of the 1936 A. S. M. Handbook. The economy im 
using titanium in this steel at a cost of only about 40 to 90 
cents per ton, instead of other more expensive alloys which 
have been used previously, is naturally desirable. 

The heat treatment of this manganese-titanium steel does 
not require close control since it has been found that the 
grain does not coarsen in a reasonable length of time even 
at 1750 deg. F. It can be normalized therefore at any 
temperature from 1500 to 1750 deg. F. without any ™ 
portant change in properties. 
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TWO NEW APPLICATIONS OF 


INDUCTION HEATING 


by E. T. Cone 


wo NEW APPLICATIONS of induction heating are now being 
installed by the Ajax Electrothermic Corp., Trenton, N. J. The 
principal applications of this type of heating up to this time include 
electric melting in the Ajax Northrup high-frequency furnace, con- 
tinuous heating of thin strip steel and tubes, drying or baking 
enamel on metal parts and the hardening of metal surfaces by 
quenching after induction heating as in the ‘Tocco’ process of 
The Ohio Crankshaft Co., Cleveland, licensee of the Ajax 
Company 
The new applications referred to include: 
|. Induction heating of tube ends prior to a series of forging 
operations. 
Heating an end section of a large steel tube prior to a 
swaging operation. 


In reference to the first of these new applications, Fig. 1 shows 
the individual heater control panel and the coil of the induction 
heating apparatus with two steel tubes inserted. High frequency 
powe! 2000 cycles is applied to the coil and, in less than 1 min., 
6 in. the end sections of the two steel pipes are heated to 
2200 F. after which they are forged. 

A special focus induction coil is shown in Fig. 2 revealing a 


narrow band at the end of a tube heated to 2200 deg. F. This is 
a subsejuent operation to that described in the preceding para- 
graph g. 3 shows a cross section of the focus one turn coil, 
the tube end, and indicates the sharply defined heating zone. 


Fig. 1. Individual Heater Control Panel and Coil for In- 
ductive Heating of Tubes. 








Fig. 2.—Special Focus Induction Coil Showing Narrow 
Band of a Tube Heated to 2200 deg. F. by Inductive Heat. 


The Ajax Electrothermic Corp. states that, in connection with 
this device, the same fundamental type focus inductor coil is used 
as in so-called Tocco process for hardening crankshaft bearings, 
mentioned in the opening paragraph. This process was developed at 
Trenton and its refinements and automatic operation have been and 
are carried on by the Trenton company’s sole licensee for the process 
applied to crankshafts and camshafts—The Ohio Crankshaft Co., 
which also has the sole right to sublicense the process for automo- 
tive parts and a restricted additional field. The Ajax Electro- 
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Fig. 3.—Cross Section of the Focus One Turn Coil Show- 
ing Heated Zone. 


thermic Corp. markets equipment for surface hardening in all other 
fields. 


The difference in the two applications is that, for surface hard- 
ening, a large amount of power is concentrated for a few seconds 
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Fig. 4.—Cross Section Showing Uniform Heating of an 
End of a Bar or Billet. 

so that the heating is entirely confined to the surface of the crankshaft 
bearing after which it is rapidly quenched to produce a very hard 
surface with a tough core. In the application for heating a tube 
end, Figs. 2 and 3, the power is not kept at such a high value; the 
time is extended to nearly a minute and the walls of the end of 
the tube are uniform in temperature at 2200 deg. F. 

In Fig. 4 is shown the uniform heating of an end of a bar or 
billet, using this time a straight coil energized with high frequency 
current. It is pointed out as of interest that it is possible to heat 
uniformly the section of a 3-in. diameter billet to 2200 deg. F. in 
2 min. A 7-in. square billet, tested in the Ajax plant, came uni- 
formly throughout the section to 2200 deg. F. in 15 min. Tem- 
peratures were checked at the surface and at the center with 
thermocouples. To heat steel to a forging temperature requires 
about 400 kw.-hr. per ton overall. 

The set-up described above is shown in Fig. 5. The same 
arrangement applies to the second new application mentioned in the 


Fig. 5.—A Steel Tube Closed on the Unheated End—The 
Actual Set-Up Shown in Fig. 4. 


first part of this article. Actually the piece of steel shown in 
Fig. 5 is a steel tube closed on the unheated end running about 
5 in. in diameter with a 4-in. wall. To secure uniform tempera- 
tures in the wall section required about 114 min. 

Another point in this connection is that, for this installation, the 
Ajax Electrothermic Corp. is providing a graded temperature in 
the heated end of the tube. The open end (inside the coil) is 
heated to about 2000 deg. F. and gradually tapers back to 1800 
deg. F. at the end of the 614-in. heated section. This is regarded 
as ideal for forging operations and it is easily accomplished by 
altering the coil turns per inch or the location of the load in the 
coil. If, however, the user desires an end section at uniform tem- 
perature throughout with a sharply defined heated zone, ‘his can 
be easily accomplished. 

The method lends itself satisfactorily and nicely to avtomatic 
control and this is planned for both applications. 





A LETTER TO THE EDITOR 


Securing Usable Metallurgists 


To the Editor: It occurs to me that a closer cooperation be- 
tween metallurgical industries and educational institutions would 
benefit both. Instead of hiring technical men as you are able to 
find them, why not institute a plan whereby a yearly crop would 
be produced, grown according to specifications ? 

We all agree that one or more years of graduate work is nec- 
essary to produce a usable metallurgist. We also know that many 
concerns spend large sums in research. The graduate work and 
some of the research could be combined to the advantage of the 
school and the industrial concern. 

My suggestion would be for a concern, which yearly adds one 
or more college men to its force, to establish a fellowship of a 
few hundred dollars at a designated college which is equipped 


A CHUCKLE 


‘*Novel’’ Publicity 


We note a head line in The Iron Age, April 8, 1937, page 105, 
“U. S. Steel develops Monel Rail Exhibit.” From the text we 
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to give the desired training; that one or two men of the gradi 
ating class be selected and put to work in the plant for the sum 
mer; after this observation period, that one of this number be 
sent back to college for one or more years of graduate work, to 
do research on a problem suggested by the company financing the 
fellowship. 

At Vanderbilt University the chemistry department has been co 
operating in this way for several years with one company. Theit 
metallurgist states “they get men trained as they want them and 
that it saves them money.” 

I hope that you can find space to print this as an appeal to 
executives and technical directors. 

W. P. FisHEL, 

Assistant Professor of Metallurgy. 
Vanderbilt University, 
Nashville, Tenn. 


gathered that the Editor meant “Novel,” and he so stated it 8 
correction in a later issue, but that the proof reader didn't 

it is a tribute to the Nickel company’s publicity for its products 
H. W. G. 
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Metallurgical and Commerce News 


Cast Crankshafts for Autos 
Instead of Forgings 


The prevailing practice of most manufacturers of automobiles 
is to use forged steel crankshafts in their engines. There are a 
few, however, which are using cast iron or cast steel crankshafts. 
The cast steel crankshaft, developed and made by the Ford Motor 
Company, is outstanding. There are also some cast iron crank- 
shafts made by the Campbell, Wyant & Cannon Foundry Co., 
North Muskegon, Mich., which are used by certain producers of 
automobile and Diesel engines. 





The composition of the crankshafts referred to above is as 
follows percentages: 
Caterpillar 
Ford *Proferall x”’ Tractor **Frankite”’ * 
Total ( . 1.35 to 1.60 2.40 to 2.80 2.95 to 3.05 2.75 and 3.00 
Silicon . . 0.85 to 1.10 2.25 to 2.75 2.00 to 2.10 1.90 and 2.30 
Sulphur ; 0.10 max. 0.06 to 0.08 0.08 max. 
Phosph a 0.15 max. 0.05 to 0.07 0.20 max, 
Mangan: . 0.60 to 0.80 0.80 to 1.20 0.70 to 0.80 0.75 and 0.55 
eee 1.00 to 1.20 1.50 to 1.60 1.50 and 1,00 
Moly bde: , leas anal 1.00 to 1.20 0.75 to 0.85 0.75 and 0.50 
Copper Ler MRIS shiv. oe whe aac . Aaa o +c LS aoe 
Chromiu: CG GS Cae hese caac'sde Cle toes het nee kate ca 
* Two 
The | crankshaft is a high carbon copper-chromium-silicon 
alloy whi.) is heat treated to convert the white iron casting into 


a steel-lik. material. The ‘Proferall x” of the Campbell, Wyant 
& Cannon ‘oundry, the two ‘‘Frankite’s’’ of the Frank Foundries 
Company 1 the analysis used by the Caterpillar Tractor Com- 


pany are alloy cast irons, also heat-treatable. 
In a paper—‘Cast Camshafts and Crankshafts’—delivered by 
F. J. W metallurgist, International Nickel Company, New 


York, recently at a meeting of the New England Section of the 


Society of Automobile Engineers, their various compositions were 
discussed. 


Continuous Rolling of Hot 
Strip Steel 


Continuous rolling of hot strip steel is no child's play, ac- 
cording to A. F. Giese, Jr., of the Carnegie-Illinois Coke Works, 
Gary, Ind.; in a paper on this subject before the recent general 
meeting of the Association of Iron and Steel Engineers at Youngs- 
town. Mr. Giese clearly demonstrated that the difficulties involved 
in economically producing a first-class job have been seriously un- 
derrated, 

Economical operation depends on careful choice of slab size, 
method and amount of heating and selection of hearth material. 
Chromeore, particularly in view of the improved performance ob- 
tained thereby, was strongly advocated as an economical hearth 
material in place of the customary materials. Poor surface, the 
bug-bear of the rolling-mill operator, may result from guide-marks, 
tolled-in scale, split centers and scale-laps caused by over-draft, 
worn or untrue rolls or failure to heat slabs to, or maintain them 
at, a sufficiently high temperature. Roll and spindle breakage can 

Prevented only by the most careful and gradual establishing of 


Pass design, avoidance of over-draft, and provision of adequate 
Water for the rolls. 
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BY THE EDITORS 


Stainless Steels iu Germany 


An order has been issued by the German Government authori- 
ties prohibiting the manufacture of certain articles from stainless 
steel for the domestic market. This report is on the authority of 
the United States Department of Commerce. 

This is said to be the first restriction imposed on the use of 
these steels. The restriction is evidently aimed at those stainless 
steels which contain nickel because this metal is scarce in Ger- 
many and very difficult to obtain. This is explained partly by the 
fact that the restriction is imposed on the use of these steels in 
such products in which stainless steels have found new important 
outlets in recent years. It is stated that industrial apparatus and 
machines have been severely restricted in the use of stainless steels, 
especially brewery equipment, and machines and containers for 
the various foodstuffs industries. 

Of decided interest is the statement that stainless steels con- 
taining chromium and manganese, but no nickel or not more than 
1.50 per cent nickel, can be used until further notice except in 
certain products. The fact that a stainless steel in which at least 
a substantial portion of the nickel. is replaced by manganese has 
been promoted to some extent in this country is of related in- 
terest. It is understood that such chromium-manganese-nickel steels 
are being quite extensively used now in Germany. Some authori- 
ties expect that the foreign interest will ultimately result in more 
energetic application of such alloys here, with the possible out- 
come of two classes of commercial austenitic stainless, the Ni-Cr 


and the Mn-Cr. 


Importance of Cemented Carbides 


In a recent broadcast over the network of the N. B. C., Dr. Zay 
Jeffries, one of -the leading metallurgists of the country, discussed 
“Cemented Carbide.” Dr. Jeffries is chairman of the board of the 
Carboloy Company, Inc., Detroit, and a consulting metallurgist for 
the Aluminum Company of America. 

After discussing the general properties and the manufacture and 
uses of brands—“Carboloy,” “Vascoloy-Ramet,” “Firthite,” “Teco,” 
“Cutanit” and “Widia,’’ he closed by outlining the chief points in 
the importance of such carbides as follows: 

1.—They are revolutionizing the machine tool industry; rugged 
machines with higher speeds and greater horsepower, are being 
provided to take advantage of their properties. 

2.—-The user of an automobile has brake drums and clutch fans 
of harder metal than could be economically machined without 
cemented carbide. 

3. New alloys, heretofore commercially unmachinable, have 
been put on the market. 

4.—Dimensional tolerances of machined parts and drawn prod- 
ucts have been narrowed, resulting in improved machines and 
greater flexibility in the interchangeability of parts. 

5.—By substituting cemented carbide for other materials and 
operating at higher speeds, the output per shift of a great variety 
of machines has been markedly increased. 

This lusty child of the metal industry, said Dr. Jeffries, is 
destined to have great economic and social consequences, though 
it is only in its early stages of development. 
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Cast Instead of Forged Camshafts 


Although the forged steel camshaft is being and has been used 
for some years by automobile builders, the cast iron camshaft is 
now being extensively used. The practice of the Ford Motor 
Company is an example of the cast iron camshaft. Besides this, 
there are large quantities of camshafts of cast iron being made by 
the large foundry of Campbell, Wyant & Cannon, which are used 
by various automobile manufacturers. 


The average composition of the Ford and the other cast iron 
camshaft, known as ‘Proferall,’ is as follows in percentages: 


Ford **Proferall” 
Ae COMONIOE. G bs vin ace ah o 3.30 to 3.65 3.10 to 3.40 
- ee ee og os oly 0.45 to 0.55 2.10 to 2.40 
cae eae Ds 0.10 max. 
Phosphorus . pew, 0.20 max. 
SO ORT eT re 0.15 to 0.35 0.50 to 0.75 
Chromium ....... .... 0.00 to 0.25 0.75 to 1.00 
tn ia 5 5 «5 ot. Shae ds CE eee 0.20 to 0.40 
Molybdenum ........ ign eae hat aie ig a 0.40 to 0.60 
Pers Ce eee ee ee Oe s,s ee peek meek 


Both of these types are alloy cast irons or high test irons and 
are capable of heat treatment. Manifestly the Ford composition 
is the cheaper to produce. These analyses are from a paper— 
“Cast Camshafts and Crankshafts’’ by Fred J. Walls, metallurgist, 
International Nickel Company, New York, which he delivered 
recently. before the New England Section of the Society of Auto- 
mobile Engineers in Boston. 


Demand for Foreign Spiegeleisen 
Expands 


Demand for foreign spiegeleisen has expanded recently to such 
an extent that the imports for the last two years exceed those of 
any years for some time. 

The following table, compiled from Government statistics, fur- 
nishes a record of the imports of spiegeleisen since 1929 inclusive 
—in gross tons: 


Year Total Imports Tons per Month 
| RASS ees, pers ene 13,828 1,152 
RE ee Oe ee ee ee 13,406 1,117 
RL. |p PE & oh 8 b-4. dic ae 4 eee 8,364 700 
6 ae « us ke Pe nie OL 26,277 2,190 
ER Bed | SP a ar 21,234 1,770 
RE i) hd an Brana ah 6 6 ah eeol'e 32,375 2,700 
EN hs 6s cacaleen wd <i eaeien <> 52,018 4,335 
See La GOR) eh ie Cais dis hn o T8 Ws 1,890 945 


With the imports at 4,335 tons per month in 1936 (and 2,700 
tons monthly in 1935) there is revealed the magnitude of this 
movement. In the boom year of 1929 these imports were only 
1,150 tons each month. There has been a decided expansion since 
1933. 

While the American production of spiegeleisen bulks large, 
the imports are becoming more of a factor in total consumption. 


Germans Develop Alloys of Zn to 
Save Cu, Pb and Ni 


To save imported copper, lead and nickel, the German zinc 
industry has made important contributions. Because zinc is about 
the only metal produced entirely from domestic ores, it is being 
used extensively by the Germans in a number of alloys to replace 
brass and bronze. 


According to Foreign Metals and Minerals, published by the 
Department of Commerce, Washington, the most important of the 
new alloys, is one known as “Giesche ZL2” with 4 per cent Al 
and 1 to 1.50 per cent Cu. It is being used in place of bronze, 
red brass and .cast brass. It may be die-cast or cast in sand or 
iron molds. 
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Another alloy is called ‘““Giesche ZL3"’ with 4 per cent Al and 
0.5 per cent Cu. It lends itself to pressing and drawing, and 
corresponds in its properties to rolled brass. 

Experiments are under way on a number of other zinc alloys, 


Very Heavy Output of 
Ferromanganese 


With the sharp upturn in steel production this year, there has 
come a decided increase in the output of ferromanganese by 
American blast furnaces. The first quarter total has been 75,045 
gross tons or 25,015 tons per month. Compared with 1936 and 
with previous years the authoritative record is as follows in gross 


tons: 
Year Total Output Tons per Month 
OY ee ee ae 119,493 9,960 
See. CWA) Shi cd adepne pheee 333,027 27,750 
POP ce eine ch iR OR Cea ies ous 335,799 27,820 
SD. .4 des ceed aa .... 276,500 23,040 
ee <6 eb 0:6 vce dae a ee ae a ee 212,115 17,673 
kay die Site ee ee Bik aah 57,342 4,780 
EE <n rAd ee OMe Kin a 136,852 11,400 
Oo Se Dee Py ree 124,190 10,350 
Re re 185,173 15,431 
FERS Sek eR ee Rea | 254,728 21,227 
Per ae COED & ca ceakeaweuts 75,045 25,015 


Thus at over 25,000 tons per month this year to April, the 
ferromanganese production is 22.5 per cent higher than in 1936. 
It is substantially in excess of the volume in 1930 of 23.040 tons 
each month and is nearly six times the volume of only 4,780 tons 
monthly at the low point of the depression in 1932. It is not far 
from the record American production of 27,820 tons per ‘month in 
1929. 

That the output of this important steel making alloy is a meas. 
ure of the rate of steel ingot output is clearly demonstrated by 
these data. The ferromanganese production is a barometer of the 
trend of the American steel industry. 


Very Heavy Manganese Ore Imports 


Imports of manganese ore in 1936 almost established a new 
record—they approached very close to the record imports of 1926. 
According to official Government data the manganese ore imports 
—ore containing approximately 50 per cent manganese and known 
as metallurgical ore—the record for 1936, compared to a period 
of years, is as follows in gross tons, including January 1937: 


Year Total Imports Tons per Month 
err roe eee 610,131 50,840 
rae ee nee ee, fe 708,400 59,000 
ae erp 617,700 51,400 
BEL" '.:-6 poe Qik.as. e Ooltee eden 419,600 34,900 
Se hab oe 0.0 asso ee ee 648,800 54,000 
SEE cid pPu cunt OMS D Ee eae 562,600 46,900 
SED Tithe abla. +0 8 5 CPAs A phim 490,600 40,885 
EEE, <4 wigin 6/6.0-d hs SUMMER AED 4 Ccb2 110,634 9,220 
ES dine 4.3.0 6 wee lo oad 288,187 26,015 
SE avin Sp adhe d ene obs 6aRe 341,338 28,445 
iE OS an ER eo 383,500 31,960 
os rex boe ye ave teint 706,607 58,800 
Ree ee OLD | inte Ox sos sae 52,583 26,290 


Thus at 58,500 tons per month for 1936, the imports just fell 
short of the record of 59,000 tons monthly in 1926 and exceeded 
by a considerable margin the 1929 imports of 54,000 tons each 
month. ; 

With the returns for only two months of 1937 available, th 
rate this year is small but this will probably be increased by the 
inflow in later months. 

The extent of the recovery in the steel industry since the bottom 
of the depression in 1932 is reflected by these imports—aa & 
pansion from only 9,220 tons per month in 1932 to 58,800 10% 
in 1936 or an increase of over six fold. As the steel ingot Pi 
duction expands, the imports of ore for the production of fem 
manganese must also increase. 
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HEARTH REFRACTORIES 





FOR STEEL MAKING 


by W.J.MacCaugheyandu.C.Lee 


Department of Mineralogy, Ohio State Unt- 
versity, Columbus, and Research Department, 
Bast ! Jolomite, Inc., Cleveland, Respectively. 


TEEL MAKING CONSISTS IN GENERAL of the 
trolled elimination of certain metalloids such as 
rbon, phosphorus, silicon, manganese, sulphur, etc. 


The essful accomplishment of this objective is assured 
only by the careful control of the many variable factors of 
furnac’ operation, an important one being the composition 
and mturity of the slag formed in the process. The slag 
serves 5 a medium to store up the so-called impurities re- 
move ym the metal by oxidation, and to prevent their 
reversi' 1 once they have been removed. 

In steel making process, two immiscible liquids are 
forme One, the metal bath; the other, the slag. The 
slag | oxidized system molten for the most part and 
contain’ 2 in solution the products of oxidation and fluxing 
forme the refining of the steel. Part of the slag may, 
howeve be undissolved and carried in suspension. That 
part of ne slag which is suspended rather than dissolved 
may con prise residual fluxes which have not completely re- 
acted, icles of the hearth refractory loosened in the 


Fig. 1 pen-Hearth Slag—Photomicrograph, Thin Sec- 

nifiation 100 X. Tapping slag, immature, 

showing unfluxed, undissolved dicalcium silicate as large 
) white grains. 


tion, 


refining process, and in the case of basic open-hearth slags, 
dicalcium silicate not yet dissolved. 

The molten bath of steel has dissolved in it carbon and 
silicon, and oxides of iron and manganese. As the heat 
progresses, the amount of dissolved carbon becomes less 
while the amount of iron oxide increases. The change in 
the metalloid and oxide content of the bath is accompanied 
by changes in composition of the slag. 


Two Types of Steel Making 


The steel making processes may be classified into two 
divisions, depending upon the type of slag that is produced. 
In the acid type of steel making, the slags formed are high 
in silica and relatively poor in basic oxides. To this divi- 
sion belong the acid open-hearth process and the Bessemer 
process as it is practiced in this country. The hearth re- 
fractory used in the acid processes is of a high silica compo- 
sition, and the hearth materials contribute to the formation 
of this slag. The basic oxides found in the slag are al- 


Fig. 2—Open Hearth Slag—Photomicrograph, Thin Sec- 

tion, Magnification 100 X. Tapping slag, well digested 

slag dicalcium ‘silicate in solution, large grains of undis- 
solved lime showing cubic cleavage. 
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Fig. 3—Open Hearth Slag—Photomicrograph, Thin Sec- 
tion, Magnification 100 X. Tapping slag, well digested, 
dicalcium silicate and lime in solution. 


most completely oxidation products of the metal being re- 
fined. 

The basic open-hearth process is of more general applica- 
tion in this country, and over 80 per cent of the tonnage of 
steel made is basic open-hearth. The basic open-hearth 
process has many advantages over other processes, but its 
outstanding success is largely due to the fact that phosphor- 
us can be more successfully removed by the use of a basic 
slag, that is, a slag which is fairly rich in lime and low in 
silica. The slags formed in this process, in spite of a high- 
ly basic composition, build up in iron oxide content as the 
heat progresses and as the carbon content of the metal bath 
decreases. In low carbon heats, the iron oxide content of 
the slags may even run over 40 per cent. 


Fig. 4—Open Hearth Slag—Photomicrograph, Thin Sec- 

tion, Magnification 100 X. Same tapping slag as Fig. 3 

in polarized light, crossed nicols, dicalcium silicate crystal- 

lizing from solution with oxide phases to form mosaic in- 
tergrowths. 
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The slag formed in the steel retininy process is generally 
more corrosive on the refractory hearth than is the meta} 
itself. For this reason, the type of hearth material used jp 
steel making is dictated primarily by the type of Slag 
formed. 

The successful application of the basic open-hearth 
process by Thomas and Gilchrist depended upon ‘the de. 
velopment of a refractory hearth that would resist the cor. 
rosive effect of the iron oxide dissolved in the basic slag. 
They found that basic refractory materials rich in mag. 
nesium oxide were particularly resistant to iron-rich slags, 
and in the early development of the basic process, both 
dolomite and magnesite, calcined in both cases, were sepa- 
tately used for hearth material. 

Calcined magnesite contains as its essential constituent 
magnesium oxide, which, when crystallized, is known as the 
mineral periclase. For a long period of time, Austrian 
magnesite was the standard refractory material for basic 
open-hearth practice. The Austrian magnesite contains as 
an accessory constituent, iron oxide which makes it particu- 
larly suitable for open-hearth material. When iron-free 
magnesites were used, it was found necessary to clinker 
these magnesites by the addition of certain fluxes such as 
iron oxide, aluminum oxide, and silica. 


Dolomite as a Hearth Refractory 


The shortage of magnesite during the World \\/ar led 
to the widespread use of dolomite as a refractory, particu- 
larly dolomite that was clinkered at a high temperature 
and with the introduction of additional fluxes no: already 
present in the dolomite. Such clinkered dolomit. refrac- 
tories reached a high state of development and t! cy were 
found to be particularly valuable in the patching ©: repair- 
ing of basic hearths, though magnesite was stil! used to 
build new hearths. Clinkered dolomites displaced n ignesite 
as a patching material, partly for economic rea ons but 
largely because of the readiness with which clinke:ed dolo- 
mites fused into the furnace and became a part ©. the se- 
fractory hearth. 

Clinkered dolomite contains somewhat less than 40 per 
cent MgO and more than 50 per cent CaO. Since lime is 
an active flux in the open-hearth process, it would not seem 
reasonable to expect that this lime would remain as a per 
manent part of the refractory hearth, but that it would 
gradually be eliminated in the fluxing process. In spite of 
this lack of permanence of dolomite, its use as a patching 
material became almost universal due to the rapidity with 
which satisfactory repairs could be made. 

The principal objection to the use of magnesite was the 
long time required to set and incorporate it as a part of 
the hearth. For major repairs, it was customary to mix the 
magnesite with a certain amount of slag. On account of 
its slow coalescence, there was danger, if this patching wa 
not satisfactorily performed, that the patch might float out 
of the hole in which it had been placed. Many steel men 
thought that there was a need for a magnesite with a high 
magnesia content which had the quick coalescing properties 
of clinkered dolomite. 


Periclase as a Hearth Refractory 


Magnesia, in the form of periclase, offers peculiar rag 
tages for use in basic open-hearth steel furnaces. = 
a melting temperature of 2800 deg. C., (5072 deg. F.), 
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the highest melting temperature of the, common refractory 
oxides. It has a specific gravity of over 3.6, which should 
help resist the floating action of the metal bath. Its hard- 
ness of six, equal to cold steel, would enable it to resist 
abrasion. Its most valuable properties, however, are chem- 
ical. It has a low solubility in basic open-hearth slags, and 
it possesses the property of absorbing several times its own 
weight of iron oxide without seriously impairing its use as a 
refractory. At the high temperature of the open-hearth, 
magnesite refractories do not possess great strength, largely 
because of a gradual softening of the bond which holds 
the magnesium oxide particles together. This softening 
of the bond, however, if controlled, is not harmful in the 
hearth of a furnace, but on the other hand produces a valu- 
able thermo-plastic property in the refractory which enables 
it to become knitted into a single unit and permits the in- 
corporation of the magnesite or dolomite as a patching ma- 
terial when holes develop in the refractory. 


Cracks formed in the basic magnesia hearth by cooling 
the furnace to room temperatures, as in the replacement of 
a roof, are closed in reheating by virtue of the thermo- 
plastic nature of the magnesite refractory. In high mag- 
nesia refractories, the magnesia is generally present in the 
form of rounded pea-like bodies of microscopic dimensions. 
These periclase grains do not seem to have the ability to de- 
velop into larger particles to form more coarsely crystalline 
structures. This habit of forming aggregates of rounded 
periclase grains instead of large interlocking crystals is pe- 
culiar to high magnesia refractories as matured in steel fur- 
naces. is type of structure requires the presence of an 
auxiliary bond and in general the structure of basic mag- 
nesia bottoms is one of periclase grains cemented together 
by other minerals which at operating temperatures may in 
part form a liquid. 


importance of Interstitial Bond 


It would seem, therefore, that an important part of a high 
magnesia rcfractory should be the amount and character of 
the interstitial bond that holds the periclase grains together 
and serves to knit the refractory readily into the basic 
hearth of the furnace. Such a bond should also develop 
maximum shrinkage in the basic refractory material before 
the latter is applied to the furnace hearth. It should be 
pfesent in a small amount, thereby insuring only small sub- 
sequent changes taking place in the furnace. The bond 
should be of such a nature as to impart to the high mag- 
nesia refractory the rapid coalescence of clinkered dolo- 
mite. Furthermore, the bond should be in chemical equi- 
librium with magnesia, the principal constituent of the high 
magnesia refractories, and be in equilibrium with the slag 
developed in the furnace. 


This bond should be present in sufficient quantity to ade- 
quately coalesce the refractory into place and any excess 
should be avoided. The bond should be of such a char- 
acter that it will not materially increase in amount as the 

* Progresses. While a slight pyroplastic condition is 

table in forming a dense, monolithic structure, an ex- 
es8 of bond or the formation of an excessive amount of 
liquid as the heat progresses produces a bottom which is 
casily eroded. Careful petrographic investigations of basic 
hearths and basic refractories, together with equilibrium 


studies, were made to determine the effect and permanence 
of suitable bonds. 
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Fig. 5—Open Hearth Bottom—Photomicrograph, Thin 
Section, Magnification 100 X. Basic bottom showing es- 
sentially periclase. Bottom originally put in with mag- 
nesite containing 16 per cent lime and 6 per cent silica, 
showing concentration towards MgO in service. 





Calcium Ferrite as a Bond 


Lime combines with ferric oxide to form compounds 
known as calcium ferrites, which have low melting tem- 
peratures and are in equilibrium with magnesium oxide. 
Calcium ferrite possesses certain advantages as a bond for 
magnesia refractories. Its low melting temperature and the 
readiness with which it wets periclase make a small amount 
of bond possible. Calcium ferrite serves as a mineralizer 
to shrink the refractory into hard, dense particles during the 
manufacturing process and later functions as a bonding 


agent to coalesce the magnesia particles into a dense, mono- 
lithic hearth. 


Substitution of alumina for some of the iron oxide in the 
calcium ferrites is possible without changing materially the 
melting characteristics of the bonding material. It has 
been found that a calcium ferrite-bonded high-magnesia 
refractory has the rapid coalescence of a clinkered dolomite 
and for that reason it is not necessary to mix open-hearth 
slag with the high magnesia refractory as has previously 
been necessary with magnesite refractories. By using a 
calcium ferrite bond in a high magnesia refractory, a rapid 


Fig. 6—Thomasite—Photomicrograph, Polished Section, 

Reflected Light, Magnification 350 X. Thomasite refrac- 

tory: Large spherical grains, periclase; light-colored, inter- 

stitial phase, calcium ferrite; small, dark grains, dicalcium 
silicate imbedded in calcium ferrite. 
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Fig. 7—Thomasite—Photomicrograph, Thin Section, Mag- 
nification 100 X. Thomasite refractory showing calcium 
ferrite concentrated at edge of grain; light colored mineral, 


pericla fé. 


~ 


coalescing action is provided, thus minimizing the refrac- 
tory dilution usually obtained from slag additions. The 
calcium ferrite bond has the further advantage that, when 
placed in the open-hearth bottom and in contact with the 
metal bath, the calcium ferrite is partly reduced and the 
low temperature bond is converted into a more refractory 
phase, which serves to harden the refractory or dry it up. 

In order to insure the development of a calcium ferrite 
bond, it is necessary to keep the silica content of the mag- 
nesia refractory low. Lime combines preferentially with 
silica to form calcium silicate before it is available to form 
calcium ferrite with ferric oxide. 

A serious limitation on designing a satisfactory bond for 
high magnesia refractories lies in the associated mineral im- 


Fig. 8—T homasite—Photomicrograph, Thin Section, Mag- 

nification 200 X. Thomasite refractory, interior of grain; 

light colored mineral, periclase; dark, interstitial phase, 
calcium ferrite. 
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purities ordinarily found with magnesite. Serpentine, g 
commonly associated impurity, is a hydrated magnesium sili. 
cate, and acts as a diluent in the refractory. Furthermore 
magnesium silicate is not stable in contact with open-hearth 
slags, and, therefore, not a permanent part of the refractory, 


Some Difficulties Encountered 


In attempting to prepare a magnesia refractory bonded 
with calcium ferrite, difficulty was encountered in obtaining 
a suitable source of magnesite which would contain only a 
small amount of silica in the calcined product. The silica 
requires, as was said before, an additional amount of lime 
to be added to the refractory to convert the magnesium sjjj. 
cate (serpentine) into dicalcium silicate before any ferrite 
bond is developed. The necessity of adding 2 lbs. of lime 
to neutralize 1 Ib. of silica before developing the ferrite 
bond made it desirable to seek a source of pure magnesite 
or its equivalent. It was thought possible to beneficiate 
the dolomites of northwestern Ohio by removing most of 
the lime. Since these dolomites contain only very small 
amounts of silica, this would furnish a suitable supply of 
pure magnesia. 

During the development of such a process, a deposit of 
brucite (magnesium hydroxide) was found in Nevada, 
The brucite in Nevada occurs in massive deposits and is se- 
markably free from siliceous impurities, or the impurities 
are in such coarse fragments that they are easily removed 
in the mining operation. The availability of such a deposit 
of high magnesia, low silica mineral made it desirable to use 
such a mineral deposit before a magnesia separation process 
based on dolomite was completely reduced to commercial 
practice. Brucite, when calcined, yields magnesium oxide 
which is particularly suitable for the commercial develop- 
ment of a calcium ferrite-bonded magnesia refractory, 

The manufacture of a calcium ferrite clinker calls not 
only for a source of low-silica magnesia, but also {or careful 
proportioning of the lime with respect to the silica and iton 
oxide, and careful furnace control to insure the {ormation 
of calcium ferrite. 


A Magnesia Refractory, Bonded 
with Calcium Ferrite 

With careful control of raw materials and firing, a cal 
cium ferrite-bonded, high-magnesia refractory was made 
of the following composition. 


Per cent 
SiO, 2.5 
Fe,O; 7.0 
Al,O; 1.0 
CaO 10.0 
MgO 79.5 


The calcium ferrite developed in the above refractory 
produces hard, dense, refractory granules having a bulk 
density of 125 to 135 Ibs. per cu. ft., and a true spe 
cific gravity of about 3.6. 

Mineralogically, such a refractory consists of about 77 
per cent periclase, 13 per cent calcium ferrite, and 8 pt 
cent calcium silicate. At furnace temperature, the calcium 
ferrite fluxes part of the calcium silicate, producing some 16 
per cent of bond. Sufficient calcium ferrite is formed to 
rapidly set the refractory in the furnace. However, the 
amount of both calcium ferrite and calcium silicate 1s male 
tained as low as possible in order to avoid refractory ; 
lution. Magnesia is kept as high as possible to pmo” 
a maximum amount of periclase which gives pet 
to the refractory and resistance to iron-rich slags. 


; 
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The high density of the refractory and the ability of the 
refractory to coalesce produce a dense monolithic hearth of 
high magnesia content having a maximum resistance to iron- 
rich slags, which is so necessary with low carbon steels. 


Practical Service Tests 


Based on these principles, a carload of this high-mag- 
nesia, calcium-ferrite-bonded refractory was manufactured 
and a trial undertaken on a 150-ton furnace at one of the 
large steel companies. Objections on the part of the melter 
to using this new refractory, ‘“Thomasite,’ without slag 
admixture had to be overcome. Ts remove the prejudice 
of the melter against applying the refractory without slag, 
two test samples were run on the breast of the furnace on 
top of raw dolomite, one with slag, and the other without 
slag. The sample without slag knitted together to form a 
solid cake over the mound of raw dolomite. One of the 
rods used for shaking down a heat was placed over the 
refractory and when the refractory was pulled out of the 


furnace afterwards, a clear impression of the rod was seen 
in the solid refractory cake. After this demonstration, the 
melter used the material as recommended and without slag 
admixture. The calcium ferrite-bonded magnesite was used 
over a period of days on the one furnace with satisfactory 
results. 

During the test, a bad hole developed in one oi the 
adjacent furnaces. This hole was of such large proportions 
that ordinarily magnesite would have been used for patch- 
ing and considerable time spent on putting in the patch. At 
the suggestion of the melter, this hole was repaired with 
several layers of the new material, and patching accom- 
plished in a short time. The patch was very satisfactory 
and withstood regular furnace operation during the week 
that the trials were run. 

To distinguish it from other basic refractories, the high- 
magnesia ferrite-bonded refractory was given the name 
Thomasite in honor of the man who developed both the 
basic process and also the refractories that made it possible. 





Editorial 


shadowed to some extent by the fact that, in the production 


(Continued from page A 37) 


of sheet steel for deep drawing, careful regulation of the 
quantity of copper and tin is already standard practice by 
some producers. Each heat is analyzed for copper and tin 
before tapping, because too much of these two elements 
in the steel renders the product unfit for deep drawing. 


One company keeps the copper under 0.06 per cent in all 
heats for such products. 


A the presence of chromium and vanadium, these do 
not, «1d may not, cause much trouble in the future because 
in the melting and refining process they largely disappear 


l 


in the slags. On the other hand, nickel and molybdenum 
are more persistent and remain more completely in the steel. 
When these accumulate in larger proportions, possibly the 
more « ireful watching of the heats will be necessary when 
certain grades of steel are called for in which their presence 
in sufficient quantity might be prejudicial. Regulation of 
scrap by careful sorting is rapidly becoming an impossibility. 

There is another angle to this situation, though. There 
is no agreement among different operators as to just what 
impurities, combinations, or amounts, actually exert dis- 
cernable influence on the properties of the finished steel. 

Each operator has a tendency to set up a hard and fast 
impurity specification on the basis of experience, with so 
many variables entering into that experience that proof 
of the effect of any one is not very clear. The divergence 
of opinion and resultant specifications for impurities is suf- 
ficient evidence that opinion, rather than demonstrable facts, 
is the basis. 

Since this problem affects the whole steel industry, the 
steel industry as a whole might well foster an investigation 
to bring out the real facts.—E. F. C. and H. W. G. 


Progress in Powder Metallurgy 


That the development of powder metallurgy has pro- 
gtessed very rapidly in quite recent years was emphasized 
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by a statement by Charles Hardy, president of Charles 
Hardy, Inc., New York—an authority in this field—that at 
present the consumption of powdered metals in the United 
States amounts to at least 6,000,000 pounds annually. 
This fact was brought out at a meeting of the New York 
Chapter of the American Society for Metals at which the 
evening’s topic was Powder Metallurgy. The subject was 
ably presented by Gregory Comstock of Handy & Harmon, 
Bridgeport, Conn., also an authority. 

Most metallurgists are familiar with some of the prin- 
ciples involved, but Mr. Comstock showed that this’ father 
complex industry is largely in its infancy and that the 
prospects of its broadening use are excellent and impressive. 
He emphasized what he regarded as a distinguishing char- 
acteristic—that when powdered metals are mixed to pro- 
duce alloys, and it is usually alloys that are thus made, the 
product obtained by pressing the mixed metals and then 
sintering, has all the properties, or an average of all of 
them, of the component metals. He contrasted this with 
fusion metallurgy where many of the inherent properties of 
the metals involved are changed by melting. The fact that 
certain products or shapes can be made of alloys by powder 
metallurgy which cannot be produced by melting and pour- 
ing is an advantage, he said, citing tungsten carbide and 
similar tools. 

It was also pointed out that success in powder metallurgy 
depends to no small extent on the size and shape of the 
particles which is also dependent on the method of prepara- 
tion—by reducing the oxides, by electrolytic deposition, by 
chemical precipitation, or by grinding. Powdered metals 
made by electrolysis are dendritic in shape and more easily 
adhere to each other. 


This highly interesting subject, which may be classed as 
diffusion in solid metals, is a broad one and one in which 


the research at present applied will bring out new facts and 
new products.—E.F.C. 
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spheres in the annealing and normalizing of low 

on steel has brought increased attention to the prob- 
lem ©: similarly protecting higher carbon steels, especially 
prior ‘0 quenching, in what is termed “bright hardening.” 
The usual cheap atmosphere produced by burning some fuel 
gas w.th a deficiency of air for the bright annealing of low 
carbon steels is required only to give bright, untarnished 
work. In bright hardening, appearance is not so im- 
portant, but it is necessary that the atmosphere be neither 
decarburizing or carburizing to the medium and high car- 
bon s' 

The urge for bright hardening comes from the desire 
to avoid high finishing costs after heat treatment. Loss of 
material and change in dimensions by scaling and pickling 
or finish grinding are certainly worth avoiding if this can 
be economically accomplished. The handling of finished 
forgings, carbon steel tools, dies, springs, and the like, 
would be obviously facilitated if there were no surface at- 


|. EXTENSIVE COMMERCIAL USE of controlled 


tack during the hardening treatment. A soft, decarburized 
skin, however, is to be avoided just as carefully as a scaled 
surface. Indeed, it is generally considered to be the lesser 
of two evils to have a thin scale rather than a thin decar- 
burized layer. Sometimes the two accompany each other, 
but it is possible to avoid decarburization by allowing 
enough scale to form. A thin adherent scale may be 
harder to remove by pickling than a thicker one that flakes 
off more readily, hence half-way measures of protection may 
be worse than none at all. 

Some protective gases, at present used in bright harden- 
ing, are so regulated that an extremely thin skin, inten- 
tionally carburized, is produced on the surface. Another 
means is to use the vapor of cracked oil as in actual car- 
burizing procedure. This is possible since the shorter time 
and lower temperature of heating for quenching, compared 
to actual carburizing conditions, gives a comparatively mild 
carburizing effect. Some hardening is also being done in 
cracked methanol vapor. 


TYPES OF GASES FOR CONTROLLED ATMOSPHERES 


Partly Burned Gases 

Commercial controlled atmospheres for bright annealing 
and normalizing are commonly prepared by burning with 
a deficiency of air such fuel gases as natural gas, propane, 
butane, and city gas. Momentarily leaving out of the ques- 
tion the moisture from burning some of the hydrogen 
(already present in city gas and produced in the others 
by cracking of hydrocarbons) the composition of the re- 
sultant gas varies with the fuel, the gas-air ratio, and con- 
ditions under which it is burned. 
a Some typical ranges of the gases produced are shown in 
ig. 1 from Marshall? for Schenectady city gas, Fig. 2 from 
Heyn? for Toledo Natural gas, Fig. 3-A from Krogh? for 
Providence city gas and Fig. 3-B for Pyrofax (99% pro- 
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pane, C,;H,). Fisher!* has recently shown curves for sev- 
eral other fuel gases. The gas composition is always con- 
trolled by gages which show the proportions of gas and air 
being supplied. Krogh also suggests measurement of the 
thermal conductivity of the gas, a function primarily of the 
hydrogen content. It will be noted from the figures that a 
slight change in the air:gas ratio may materially alter the 
composition of the gas produced. Common ratios are 
21% to 3 parts of air to 1 part city gas, 6 parts air to 1 part 
natural gas, and 11 or 12 parts air to 1 part propane. 
Omitting the presence of moisture, the compositions of 
such gases and their partially burned products are shown 
in Table I. 


An atmosphere made from city gas will contain some 18 
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Installation of 40 Vertical Tube Furnaces Having a Capacity for Annealing 350,000 Tons of Tin Plate per Y« 
Controlled Atmosphere. (Courtesy: Lee Wilson Engineering Co., Cleveland ) 
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to 20 per cent water vapor , that from natural gas perhaps 
10 per cent or more. Some commercial furnaces lead the 
fuel gas and air directly into some part of the furnace 
chamber, hence this 10 to 20 per cent steam surrounds the 
work along with the CO, CO,, H,, CH,, N, mixture. In 
general practice, however, the partly burned gas is cooled 
in a water cooler or by a water spray to nearly room tem- 
perature. This eliminates much of the moisture but it is 
still saturated at the temperature to which the gas is cooled, 
This may be from 1 to 2 per cent water vapor, i.e., chilled 
to 45 and 65 deg. F. respectively. To eliminate additional 
moisture, refrigeration is often used, and the cooled or 
chilled gas is sometimes further dehydrated by passage over 
silica gel or activated alumina which removes all but traces 
of moisture. 


Dry Gas Producers 


In order to make moisture-free gas, a “dry gas producer” 


using relatively pure carbon, such as charcoal or a special 
coke, may be employed. This should give a simple: gas, 
high in CO, since, if all the oxygen of the incoming ait 
were changed to CO by combining with pure carbon at a 
sufficiently high temperature, the gas would contain +4 per 
cent CO, 66 per cent N,. Under commercial conditions, 
however, such gases actually contain small amounts o! CO, 
and H,. Hydrogen is formed if the air is fed to the pro- 
ducer, and the coke or charcoal are not made perfe dry, 
since any moisture will react with the hot carbon to give 
CO and H,. This hydrogen may react to some extent to 
form CH,. According to Cone® these commercia! gases 
will contain 28-31 per cent CO, 0.5 to 3 per cent CO,, 0.5 
to 1.5 per cent H, and perhaps a fraction of a per cent of 
Ci... 

Tamele® recommends charcoal generator gas for bright 
annealing and for use in the white burning of porcelain 
ware. Gould and Toole? found up to 4 per cent H, ima 





Table 1.—Typical Commercial 


Partially Burned Gases for 


Furnace Atmospheres Used in Heat Treatment of Steel 


SOU R¢ 
Marshall, Schenectad; ‘ 
Burned 2.8 air: 1 gas rati 
Krogh, Providence city 
Burned 3:1 ratio 
Matthews and Biemiller* 
Baltimore city gas, 2.8:1 ratio 
Partly burned Detroit citv gas** 
City gas, cracked with very little ; 
Battelle, Columbus natural gas 
Burned 4.3:1 ratio (not commercial) 
Heyn, Toledo natural gas, 6:1 ratio 
Krogh, propane, 12:1 ratio, 2000° F 
Commercial propane, 12:1, 
Coke oven gas 
Above burned, 
Burned, commercial 
Other commercial gases: 
Cracked ammonia a hat ee 
Gas from propane, chemically treated**** 


as 


% illuminants. 
skin carburizing of gears—-hydrocarbon may be added if 
CHa, 9.9% CsHe, and 4.2% CsHs. 


CO { , ~ ( : 1 Nz 
> | " 5.1 
Balance 


15.1 
Balance 


Balance 
Balance 
Balance 
15.2 

Balance 
Balance 
Balance 
Balance 
Balance 
Balance 
Balance 


: ies trace eos alan 
31. trace wre Balance 


thicker case is desired 


* Similar gas may be produced by partly burning cracked ammonia and removing moisture. 
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Fig. 1—Effect of Varying the Air Ratio on the Products 


of Partial Combustion of City Gas. (Marshall) 


gas sitnilarly made and used for burning of porcelain ware. 
For copper annealing, Holler* considers the dry charcoal 
producer to give a very desirable gas, low in H, and CO, 
if burned at about 550 deg. C. (where gas left the pro- 
ducer ) 


Miscellaneous Gases 


Varic.is atmospheres may be produced by cracking suit- 
able hy’rocarbons. Methanol, for example, on decom- 
posing .' 1600 to 1800 deg. I. breaks down into about 


58 per t H,, 31 per cent CO, 6.5 per cent CO,, 3 per 
cent CH . and some water vapor. By cracking such hydro- 
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Fig. 2—Effect of Varying the Air Ratio on the Products 
of Partial Combustion of Natural Gas. (Heyn) 





permitting the soot to separate in the cracking unit, an ef- 
fluent gas of about 10 to 20 per cent CH,, balance Hyg, is 
obtainable. By a roundabout method of partly burning a 
fuel gas like propane, adding steam and passing the re- 
sultant gas over a catalyst to oxidize CO to CO, and release 
H,, then removing the CO, by absorption (Kinzel quoted 
by Gillett)®, a gas may be produced that is low in hydro- 
gen and very high in nitrogen, with possibly a little CH, 
present. 

Liquid NH, may be cracked by heating to form a gas of 


carbons .s methane, propane, butane, and various oils and 75 per cent H,, 25 per cent N, composition. This, in turn, 
A Full fle Heating Machine with a Charging Vestibule and Inner Door, and a Discharge Vestibule under Heat for 


Quenching from Temperature. (Courtesy: American Gas Furnace Co., Elizabeth, N. ].) 


y 
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may be partly burned with air and water vapor removed Pure CO is a weak carburizer. Without an energizer in 
to give a low hydrogen gas, as 5 to 10 per cent H, with pack carburizing, carbon surrounding the work reacts with 
balance N,. Such cracked, or cracked and partly burned, the air in the box to form a CO:CO, mixture like that 
NH, is used commercially in the annealing of silicon steel mentioned above from a dry gas producer. Due to the lack 
sheet. of gas flow, however, the CO:CO, ratio more nearly ap- 
Compressed gases (in cylinders) or relatively pure gases proaches the theoretical for the carburizing temperature. 
generated on the spot, as H,, N,, CO, and even He, are This is calculated to be a gas of about 33 per cent CO, 0.5 
often used experimentally, with suitable purification to re- per cent CO,, balance N,. Such a gas will carburize low 
move traces of O,. Occasionally such relatively expensive carbon steel but it is known to be difficult to obtain hy- 
gases are used in very small scale commercial annealing pereutectoid cases with non-energized charcoal. In other 
processes. words, such a gas is only weakly carburizing to approxi- 
GAS REACTIONS mately eutectoid and higher carbon steels. Beckcr!® gives 
data on CO:CO, equilibrium with various steels, shown in 
The behavior of the pure gases and of the CO:CO,, Table II. 
H,:CH,, and H,:H,O mixtures toward steel is fairly well When the amount of CO present is greater and that 
known. Gillett? has summarized the reactions in his cor- of CO, less in contact with carbon than with a given steel, 
related abstract on controlled atmospheres. the steel will be carburized by the gas. When the opposite 
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occurs, or the CO, in equilibrium with carbon is greater 
than it is with a certain steel, decarburization occurs. Thus, 
as seen in Table II, all the steels in a carburizing box with 


Table 11.—Percent CO, at Equilibrium in Contact With— 
(Balance Is CO) 


Temperature 
+ 


ug A——_—__—,, 1.2% 0.8% 0.4% 0.1% 
Deg. C. Deg. F. Graphite C Steel C Steel C Steel C Steel 
650 1200 62.6 55.7 55.7 55.7 55.7 
750 1380 26.3 21.8 25.1 28.5 28.5 
850 1560 5.85 5.7 7.1 12.5 26.7 
950 1740 1.5 2.0 2.9 4.8 14.2 


carbon tend to be decarburized at 1200 deg. F., and even at 
high carburizing temperatures the urge to carburize high 
carbon steels is very slight. 

Decarburization also occurs in the absence of carbon 
when the CO, present is above the equilibrium ratio given 
in the Table for a particular steel at a given temperature. 
As an example, a gas of 28 per cent CO, 2 per cent CO, 
balance N, (ratio of 6.7 CO,:93.3 CO) at 1740 deg. F. 
will decarburize steel containing around 0.4 per cent C or 
more but will carburize 0.10 per cent C steel. Moisture 
disturbs the ratio and accelerates action, particularly de- 
carburization. 

In the case of the H,:CH, ratio of gases, data are cited 
by Austin! to show that at 1830 deg. F. a gas of 99 per 


cent H,, 1 per cent CH, is in equilibrium (i.e., neither car- 
burizing nor decarburizing) with steel containing about 1 
per t C. With only 0.1 per cent CH, present, equi- 
librium is established with a 0.15 per cent C steel. Mois- 
ture 2 so disturbs this equilibrium. 

Dr\ H, is slightly decarburizing to high carbon steel and 
has p: .ctically no action on low carbon steel, but with mois- 
ture sent decarburization is vastly- increased, as shown 


by Austin and others. When the ratio of H,O to H, is 
suffici:itly high, as 60 H,O:4O0 H, at 1700 deg. F., steel 
is ox:.ized, forming scale. This scaling effect becomes 
more pronounced as the temperature drops; at 1200 deg. 
F., 37 H,O: 63 H, causes scaling. Since it is the ratio 


rather ‘ian the percentage content that counts, a mixture of 
6 per cnt H,, 94 per cent N, need carry only about 2 per 
cent H.O (corresponding to a dew point of 65 deg. F.) to 
scale steel at 1200 deg. F. 


and stil! less at lower temper- 
atures. In bright annealing 
in hydrogen where the steel 
is cooled to room temperature 
in the gas, as a consequence 
great care must be taken to 
avoid the presence of mois- 
ture or tarnish or even scale 
will result. 


The composition of the gas 
formed in commercial water 
Bas producers is such as to 
indicate that the reaction be- 
tween water vapor and car- 
bon does not have time to 
teach equilibrium. The same 
may be true of many partly 
burned fuel gas producers. 
When gases from such pro- 
ducers are led into a heat- 
treating furnace, however, 
conditions are favorable for 
Continued reaction. It is this 


8¢ in gas composition 
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in the furnace that is particularly objectionable. A pre- 
heater to give the gas a chance to react more completely 
before touching the work is one means of avoiding un- 
necessary trouble with such gas. 

Marshall? studied, in great detail, the use of partly 
burned fuel gas mixtures for bright annealing of low car- 
bon steel at 1200 deg. F. He points out that even though 
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no carburization or decarburi- 
zation of the low carbon steel 
results in these complex gases, 
and the steel surface remains 
clean, it may yet become dulled 
(matted) by acting as a catalyst 
for the reactions: 


2CO = CO. + C 


CO; + H: = CO + H.O 


In bright hardening there is 
not the necessity for a mirror 
finish that there is in bright 
annealing, but this reaction of 
H, with CO,, catalyzed by a 
steel surface, is of importance 
because it leads to the produc- 
tion of H,O which, as stated 
above, makes H, act as a strong 
decarburizer. 


WEIGHT CHANGE IN HUNDRED THOUSANOTHS GM/CM2 


It is recognized, and stated 
by Heyn?, that the commercial 
partly burnt fuel gases used for 
confrolled atmosphere bright 
annealing of low carbon steel 
are not applicable to bright hardening of 0.40 per cent and 
carbon when decarburization is to be 


higher steel 


avoided. 

A wide range of gas compositions is applied to bright 
annealing of low carbon steels. Some of these gas compo- 
sitions seem to be injurious to resistor elements and heat- 
It would be desirable, therefore, to find 
gases for controlled atmospheres that will allow the heat- 


resistant alloys. 


ing for quenching or normalizing of medium and high 
carbon steels without either sealing or decarburization, 
and that 


the like. 


are not injurious to resistors, conveyors, and 


A Batch Type Malleabilizing Furnace Heated by Means of Gas-Fired Radiant Tube Heating Elements. 


mosphere is prepared in a Surface Combustion DX unit. 
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EXPERIMENTAL WORK 


In view of the difficulties in applying controlled at- 
mospheres to bright hardening, a promising field of research 
appeared to be a study of the behavior of typical commer- 
cial protective atmospheres on higher carbon steels ind at 
higher temperatures than those studied by Marshall.’ Ex- 
ploration of the possibilities of adjusting the gas coinposi- 
tions to avoid the fatal decarburization so often e:coun- 
tered in this field, was also a consideration. A preliminary 
study of this problem was undertaken by Battelle Memorial 
Institute; the present phases are sponsored by Utilitics Co- 


The prote: 


(Courtesy: Surface Combustion Corp., Toledo, O10.) 
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ordinate: Research, Inc. This may be considered a prog- 
fess report on the joint project. 
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Materials and Procedure 


Any su. study must start with plain carbon steels. It is 
fecognize that some alloy steels will behave quite differ- 
ently, anc ‘hat high speed steel, in particular, is a problem 
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reached, the presence 

of specimens oO} 
varying carbon content is allowable. When it is not 
reached, the presence of varying specimens modify, but 
should not obscure the effect of the gas. At any rate, the 
work would be so prolonged by making individual tests 
upon steels of several carbon contents that the testing of 
several steels in the furnace chamber at one time was 
adopted. The low carbon steels, normally less decarburized 
than the high carbons, were put at the end of the furnace 
at which the gas entered, except in certain cases as 
noted. 

The steel specimens used in this work were heated in a 
134, in. I.D. McDanel dense porcelain tube, externally heat- 
ed by an electric resistor tube furnace having a winding of 
1400 watts makxi- 
mum capacity. Tem- 
perature was con- 
trolled by means of 
a thermocouple and 
automatic controller. 

Gases used were 
largely synthetic, 
prepared from pure 
components 


3S Se 
SHOWS VERY LITTLE CHANGE 
BETWEEN 750 AND 850, BUT 
CARBURIZATION AND DECAR- 


BURIZATION INCREASE AT and mixed in the 
950. 


ratio desired. Cyl- 
inder H, and N, 
were purified by 
passing over copper 
chips held at 750 
deg. C., then dried 
by CaCl, and P,O,. 
Sometimes H, was 
made from Zn and 
HCl, then passed 
over soda_ lime, 
CaCl, and P,O,. 
Cylinder CO, was 
merely dried over 
CaCl, and P.O, be- 
fore using. Natural 
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Fig. 9 (Left) Decarburizing Action of Cracked Ammonia. Fig. 10 (Center) Decarburizing Action of Synthetic High 
Hydrogen-Nitrogen Mixture. Fig. 11 (Right) Prevention of Decarburization by Addition of Natural Gas to Cracked 
; Ammionia. 
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Fig. 12 (Left) Effect on Decarburization of a Low Hydrogen Content, in a Hydrogen-Nitrogen Atmos phere. Compare 

with Fig. 9. Fig. 13 (Center) Effect on Decarburization of a Shorter Period of Treatment, in a Low Hydroge? Nitrogen 

Atmosphere. Fig. 14 (Right) Effect of Varying abo on Decarburization, in a Low Hydrogen-Nitrogen Alm 
phere. _ 
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Fig. 15 (Left) Prevention of Decarburization by Addition of Natural Gas to a Low H ydrogen-Nitrogen An oe 
adjustment of CH, this could be made neutral to any carbon steel. Fig. 16 (Center) Action of Moisture in Act 
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the exit gas. Samples stained. Fig. 17 (Right) Effect of Adding Natural Gas to a moist Low Hydrogen-Nurog 
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gas was used as the source for methane. It was purified by 
passing over phosphorus and the regular drying agents. 
Carbon monoxide was made from formic and sulphuric 
acids, passed through alkaline pyrogallol and over phos- 
phorus, dried with CaCl, and P,O, and finally passed over 
electrode carbon at 1100 deg. C. The CO was stored in a 
mercury sealed gasometer before final drying and heating 
with carbon; the other gases were made or supplied from 
tanks as needed. When water vapor was desired in the 
as mixture, the incoming gas was passed through a water 
bottle held at a definite temperature corresponding to the 
amount of vapor desired. Gases for some tests were made 
from a dry gas producer or from other devices; in some 
tests cracked NH, was used. The flow of gases was con- 
trolled by accurately calibrated flow meters and the desired 
mixture introduced into the furnace at a constant rate of 
150 to 160 cc. per min. 


Table 1!) —Analyses of Steels Used in Experimental Work 


Composition, Per Cent 
cv aaa 








cw — am. 
Class Shape C Ma Si Ss P Cr Cu Ni Sn 
AA Fiat, 
strip 0.07 

} ‘ 
4 p 0.09 0.37 0.02 0.029 0.017 0.02 0.057 0.039 0.007 
B 0.12 0.76 0.02 0.17 0.082 0.02 0.059 0.009 0.004 
4 3 Se: Ge a | RR ears = ors 
C ( 0.45 0.66 0.05 0.028 0.018 0.02 0.049 0.005 0.003 
a cae ae, ee ee es - asen ae! ae 
D-1 0.83 0.47 0.21 0.022 0.016 0.05 0186 0.056 0.021 
me ft 0.87 0.49 0.24 0.032 0.040 after run 134 
E ( 1.04 0.34 0.15 0.012 0.016 0.03 0.150 0.049 0.025 
E-2 | 1.02 0.29 0.18 0.027 0.016 0.04 0.083 0.036 0.010 


after run 132 


It was noted that the “'C” 0.45 C steel was very readily 
decarburized. Another 0.45 steel, ““H’’, was then procured 
and both steels used in later tests. The ‘H” steel was usu- 
ally less :cadily decarburized, 

These specimens were cleaned with emery paper, washed 
in alcoho’, dried and weighed before being inserted into 
the cold ‘urnace tube. After flushing the tube with the 
gas to be used until no free O, could be detected in the exit 
gas, the ‘urnace was heated to the desired temperature, 


Batter, of Continental Pot Type Bright Annealers. 





held there for a desired time interval, and cooled with the 
same flow of gas maintained. Usually the specimens were 
cooled in position in the furnace, but in some of the later 
runs they were wired together and pulled into the unheated 
exit end of the tube for more rapid cooling. With some 
of the complex gases studied, enough moisture was formed 
by reaction to bring in the possibility of staining on slow 
cooling, which would not occur on quenching or normal- 
izing. 


General Effect of Time and 
Temperature 


The choice of a practical temperature was difficult since 
proper quenching or normalizing temperatures for the lower 
carbon steels would be above the normal temperature. for 
those operations on the higher carbon steels. Three tem- 
peratures were consequently used, 750, 850, and 950 deg. C. 
(1380, 1560, and 1740 deg. F.). Time intervals were 
varied from 4 to 3 hrs. 

Figs. 4 to 8 show the effect of varying time and temper- 
ature for 75 per cent and 10 per cent H, and for 34 per 
cent CO. In these simple gases, at least, it appears that a 
carburizing or decarburizing tendency of the gas is exag- 
gerated by using the higher temperatures and longer time, 
hence the bulk of the investigation was made at the extreme 
of 3 hrs., at 1740 deg. F. in order to secure the exaggera- 
tion. 

The fact that some of the atmospheres used would not 
show deleterious effects in the shorter time intervals and at 
the lower temperatures required in commercial heat treat- 
ment, should be remembered in considering the results of 
these tests. 

As usual in work of this kind, connections would spring 
a leak from time to time and traces of air would be admit- 
ted. Unless the gas mixture itself was obviously reacting 
to stain the specimen, all runs so vitiated by leaks as shown 
by staited specimens, were discarded and the tests repeated. 


(Courtesy: Continental Industrial Engineers, Inc., Chicago.) 
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Such accidents served to make very impressive the fact 
that many of the gases are extremely sensitive to contamina- 
tion by traces of free oxygen from the air. 


Method of Reporting Results 


As a quantitative measurement, the degree of carburiza- 
tion and decarburization of the samples treated is reported 
in terms of gains or losses in weight per unit of surface 
area. These are plotted above and below a zero line; 
points above the line indicate a gain in weight due to car- 
burization, points below show decarburization. This holds 
true since there was no scaling in any of the tests reported 
unless so stated. Metallographic examinations were made 
from time to time which verified this assumption. The 
weight changes were found to be more sensitive than the 
microscope. In general, a weight gain or loss of 0.00010 
gms. per sq.cm. was necessary for carburization or decar- 
burization to be evident by microscopic examination, even 
on the low carbon steels. For all practical purposes, conse- 
quently, weight changes of + 0.00010 gms. per sq.cm. can 
be considered as an absence of any appreciable effect of the 
gas on the steel. 

Duplicate runs were made at various times after making 
alterations and repairs to the equipment, and check tests 
were made by three observers. As the curves will show, 
these usually gave quite consistent results. Indeed, the 
points for the two 0.45 per cent C steels showed as much 
and often more variations in individual runs than did the 
position of a given curve in duplicate tests. 


Hydrogen-Nitrogen Mixture 


The decarburizing action of cracked ammonia is shown 
in Fig. 9. Practically the same effects are shown by Fig. 
10, in which a synthetic mixture of H, and N, is used. 
That a small amount of CH, makes the cracked NH, car- 
burizing, is shown in Fig. 11. The difference in degree of 
carburization of the 0.07 and 9.12 per cent C steels is 
probably due to their differences in shape and position in 
the furnace. The 0.12 per cent C specimen, being located 
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at the point of entrance of the gas, was in a tion for 
maximum carburization, whereas the 0.07 per C strip 
extended along the tube beyond this zone of gas composi- 
tion changes. 

Fig. 12 shows reduced decarburization upon reducing 
the concentration of H, to 10 per cent, while Fig 13 shows 
reduced decarburization upon dropping the exposure time 
to 1 hr., and Fig. 14 demonstrates the reduction in decar- 
burization upon going to lower temperatures. The pres. 
ence of 0.8 per cent CH, in the exit gas made this 10 per 
cent H, atmosphere carburizing to all the plain carbon 
steels, as shown in Fig. 15. 

The question of the effect of moisture, or o! infiltered 
air that would combine with H, to form H,O, wis studied. 
The effect is shown in Fig. 16. The H,O reacted with 
the steel reducing the amount of H,O in the exit gas by 
half and producing 1.4 per cent more H, and 0.8 per cent 
CO. As expected, the decarburization was greatly accentu- 
ated. The next question is, can this decarburization be 
neutralized by addition of CH, ? 

As Fig. 17 shows, 5 per cent CH, produced carburiz- 
tion on the lowest carbon steel and practically eliminated 
decarburization on the highest, but did not greatly help 
the 0.45 per cent steels. With 8 per cent CH,, as in Fig. 
18, the whole curve is shifted, accentuating both carburiz- 
tion and decarburization. The specimens were stained, and 
not only the H,O, but the CH, entered into reaction. The 
difference in the shape of these two curves is undoubtedly 
due to the fact that the inlet gas hit the low carbon steel 
first in the former run (Fig. 17) while it hit the high @t 
bon steels first in the latter, thus illustrating the importance 
of the gas reaction within the atmosphere. The comp0s 
tions of the incoming and outgoing gases are shown on the 
figures. 

While dry H, or H,:N, mixtures can be prevented from 
decarburizing and forced to carburize all the steels by ac: 
dition of CH,, moist H,, to which enough CH, has been 
added to produce carburization of low carbon steels, still 
decarburizing to medium and high carbon steels. 


(To be concluded) 
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AN IMPROVED METHOD OF STUDYING 


Inclusions in Alloy Steels 


by W. A. Hare and Gilbert Soler 


Research Engineer and Manager of Research, Respectively, Steel and 
Tube Div., The Timken Roller Bearing Co., Canton, Ohio 


A method of study of inclusions present in certain alloy steels is described in which the 
analysis and actual mineralogical phases present are determined by chemical and petro- 
graphic means, supplemented by X-ray studies if necessary. The value of the information 


in regard to steel manufacture is briefly noted. Results of study of several types of all 


allio) 


steel are given with photomicrographs of two typical inclusions. 


sepirate phase of non-metallic nature adventitiously 

present in the steel. In general, they may be produced 
as, (a) products of deoxidation, which may be either oxides 
or combinations such as silicates, aluminates, etc.; (b) slag 
or refractory particles; (c) inclusions introduced in the 
metallic raw materials and deoxidizing agents used. 

Ordinarily inclusions in steels are considered as objec- 
tionable, yet their presence in minute or sub-microscopic 
size probably has an important relationship to grain size 
and abnormality effects, hardenability, impact strength, etc. 
Moreover, the nature of the inclusions has an important 
bearing on their physical effects. Those of high melting 
point, for example, retain their shape during rolling, while 
inclusions of low melting point are elongated into “'string- 
ets’ in which condition their detrimental effects are far 
more serious than the same amount of material in isolated 
and compact form. The degree of elongation on rolling 
depends upon the mineralogical composition of the inclu- 
sion phases. 

An accurate knowledge of the nature and composition of 
inclusions is therefore extremely valuable in maintaining 
the desired close control of the properties of alloy steel. 
The usual methods of inclusion study, for example, metal- 
lographic inspection and chemical analysis of the oxides in 
Steel, are insufficient in themselves to determine definitely 
the nature of the inclusion phases. The importance of 
having this information has therefore led to the develop- 
ment of a method of studying the problem utilizing and 
combining metallographic, chemical, petrographic and X-ray 
methods of study. 


Metallographic examination alone has the great advan- 


|: USIONS IN STEEL may be defined as particles of a 
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tage of speed and observation of inclusions im situ, yet 

may lead to erroneous conclusions as to the chemical nature 

of the inclusions as well as being unfair as a whole, due 

to segregation of the non-metallic particles. This may be 
illustrated by the following calculation: 

If the average inclusion is 0.001 in. in diameter 

(a large figure) all inclusions within a zone 0.001 in. 





Fig. 1—Diagram of Electrolytic Cell. 
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Fig. 2a—Metallographic Photomicrograph of Sample A 
Showing Elongated Inclusions. Magnification 200 X. 





thick will be partially exposed on a polished surface. 
In the case of a surface 1/, in. sq., the volume of steel 
being studied will be 0.00025 cu. in., weighing ap- 
proximately 0.032 grams. In a chemical study of 
inclusions, however, one would use at least 20 grams 
for accurate sampling. Thus it appears that it would 
require several hundred polished surface observations 
to equal a single chemical analysis in fairness of 
sampling. 

Chemical analysis avoids the effect of segregation to a 
considerable extent and permits accurate qualitative and 


Fig. 2b—Photomicrograph of Petrographic Sample of 
Sample A. Magnification 200 X. 








quantitative analyses to be made. However, when used 
alone it does not show up the combinations or phases in 
which the oxides exist nor their manner of distribution jn 
the steel. 





Petrographic study of inclusions properly isolated by 


chemical means enables accurate determinations to be made 
of the actual phases or combinations of oxides representing 
each type of non-metallic inclusion present. In general, 
the methods of petrography comprise the identification of a 
non-metallic phase by the microscopic determination of its 
refractive index and other properties. Those inclusions dif- 
ficult to study petrographically because of opacity or solid 
solution phase may be checked by means of X-ray diffrac. 
tion powder photographs. 


The present method of study consists, in general, of 


separation from a steel sample by suitable chemical means 
of the inclusion material free from contamination, and the 
determination of its total composition. A portion of the 
separated material is then studied petrographically to de- 
termine the phases composing the individual inclusions. 
The information thus obtained is checked by metallographic 
study, noting the inclusion distribution within the steel 
itself. 





To secure representative samples in our investigation, 


either entire cross section slices of rolled bars or “‘pie slice” 
sections, representing ‘‘middles” of ingots, were used. 
Previous work has indicated that drilling is unsatisfactory, 
fine drillings showing a much higher oxide content than 


coarse. All samples were therefore cut with a saw and 
filed with a clean file prior to study. 


Method of Inclusion Separation 


A rather extensive study of the various methods of in- 
clusion analysis available in the literature was mace with 
the result that with certain modifications the method" de- 
veloped by F. W. Scott of Inland Steel Co. for the <lectro- 
lytic separation of inclusions from plain carbon stcel was 
found to be most suitable for application to most of the 
alloy steels produced at the Timken plant. This method 
employs the electrolytic decomposition of the sample as the 
anode in an electrolyte of magnesium iodide. Other elec- 
trolytes tried included Fitterer’s solution, copper sulphate, 
various buffered solutions with tartrates and citrates present 
and potassium iodide solution. Only in the case of Scott's 
solution, however, was it possible to dissolve the steel with- 
out apparent contamination of the residue. We have modi- 
fied the original Scott method to eliminate oxidation of iton 
salts by air during the electrolysis. This was accomplished 
by passing a neutral atmosphere over the sample and elec- 
trolyte as described below. We have also slightly modified 
the washing technique after electrolysis to eliminate attack 
on the inclusions during washing. The outline of the 
method at present being used by us is as follows: 

The electrolyte is composed of a 7 per cent solution 
of magnesium iodide to which 3 grams of iodine pet 
liter is added before each run. This is contained i 
a cell composed of a glass museum jar (A, Fig. 1) 
with a ground glass lid. Between the lid and jars 
placed a 1/, in. Bakelite spacer “B” through which 
several tubes are passed for inlet and outlet of ner 

tral gas such as nitrogen and for electrode wires. 
sample of about 30 to 60 grams is hung withim the 
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beaker “‘C’’ whose bottom has been cut off and re- 
placed by a sheet of hard filter paper “D’’ held in 
place by a rubber band. A sheet of quantitative 
filter paper folded conically is placed beneath the 
sample to catch any particles which might fall during 
the electrolysis. The level of the electrolyte is such 
as nearly to cover the sample, which is the anode of 
the cell. A cylinder of copper screen “E” in the 
outer cell is the cathode. In this cell the electrolysis 
is completed in the absence of oxygen and no iron 
salts or oxide are precipitated. The voltage used is 
held constant at 2 or 3 volts and about 2 or 3 days is 
required for the electrolysis to be complete. 

After the electrolysis is complete the residue is 
removed and washed into a beaker with water, any 
non-electrolyzed sample being weighed and subtract- 
ed from the original sample weight. 


Treatment of the Residue 


The residue in the beaker is heated gently, filtered 
n a close paper and washed with hot water. It is 
then transferred to the original beaker by washing 
from the filter paper and treated with 50 cc. of 5 

r cent sodium tartrate solution which is only slightly 

kaline to phenolphthalein. This solution was sub- 

ited for the citrate recommended by Scott as it 
wed no reaction with manganese oxide, whereas 
citrate seemed to dissolve some MnO. The res- 

e is filtered and washed on the same paper and 

iin transferred to the beaker and treated overnight 

h an alcoholic solution of iodine to decompose 

bides. The amount of iodine used in this treat- 

nt (2 to 5 grams) varies with the carbides present, 

excess of iodine being always provided. Except 
in the case of very low carbon steels, the treatment 
with alcoholic iodine is always given twice to assure 

iplete carbide decomposition. 

he residue is then filtered using the original paper 
and washed free from iodine with potassium iodide 
solution and hot water. It is then washed with the 
tartrate solution and with hot 5 per cent sodium car- 
bonate solution to remove any gelatinous silica and 
finally with water. The residue is then ignited and 
analyzed by the usual chemical methods for Al,O,, 
SiO.,, MnO, FeO, etc. 

For petrographic phase determinations an addition- 
al sample is prepared in the same way and the ignited 


residue, which is free from appreciable contamination, 
is studied. 


Applicability of the 
Method to Alloy Steel 


The method described above has been used on a large 
number of heats and specifications and appears to be en- 
titely applicable to all types of steel except those containing 
both chromium and carbon in more than moderate per- 
centages. Thus all plain carbon steel, nickel steels, low 
molybdenum steels, and the following chromium-containing 
steels, SAE 3115 and 3312, may be analyzed for inclusions 
by these methods. In the case of SAE 3135 steel, how- 
éver, the carbon and chromium are present together to such 
a degree that there is some contamination of the residue 
with insoluble chromium carbide. In the case of SAE 
52100 steel, the method is not suitable and we must resort 
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Fig. 3a—Metallographic Photomicrograph of Sample H 
Showing Non-Elongated Inclusions (Phase 6) Magnifica- 
tion 200 X., 


toa dry decomposition of the metal in chlorine gas to study 
this type of steel. 


Accuracy 

The accuracy of the chemical analyses by the modified 
Scott method as used in this work is apparently very satis- 
factory. Oxides present may be checked on successive 
runs within very small limits. A set of eight samples used 
by the Bureau of Standards in a “Cooperative Study’? were 
analyzed by this method with results in almost every case 
within the limits chosen as ‘‘acceptable” by the correlators 
of the data. 


Fig. 3b—Photomicrograph of Petrographic Sample of 
Sample H. Magnification 200 X. 
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Petrographic Analysis 

The Table represents a summary of the chemical analyses 
and petrographic results found in eight heats of Timken 
alloy steels selected as representative of the conditions being 
studied. The phase numbers listed are described below the 
Table. It is seen that the heats are given in order of in- 
creasing Al,O,:SiO, ratio with regard to the inclusion 
analysis. 


Table of a Summary of the Chemical Analyses and Petrographic 
Results on Eight Heats of Alloy Steel 


Sam- Steel Analysis of Inclusions, Mineralogical Phase, 

ple ype Per cent by weight Approximate per cent present 
AlkO, SiOz MnO FeO ] 2 3 + 5 6 7 

A 10 0.0049 0.0123 0.0036 0.0092 5 90 b% e% ~~ 5 

B 4615 0.0082 0.0061 0.0030 0.0109 .. “ R0 ‘? a 10 ] 

( 107 1047 0.0033 0.0120 .. .. r( a Vee 

D 4620 0.0102 0.0031 0.0042 0.0112 10 15 65 

EK 1065+Mo. 0.0085 0.0023 0.0038 0.0127 15 6 

F 4615 0.0163 0.0031 0.0029 0.0095 10 ., aw i. oe 

G 106°+Mo., 0.0159 0.0020 0.0043 0.0145 5 .. 60 .. 10 25 

H 1065+Mo. 0.0210 0.0026 0.0036 0.0133 10 .. .. we «6 9 


The phases listed in the above table are described as fol- 
lows: 

Phase 1—Quartz (SiO,). This occurs as fairly large 
roughly broken pieces probably of exogenous nature. It 
is thought that the quartz represents entrained grog par- 
ticles from firebrick and that because of the short exposure 
to high temperature the normal inversion did not occur. 

Phase 2—-A glass of 1.59 refractive index, yellow in ap- 
pearance, found in inclusions of lower Al,O, content. This 
phase probably contains FeO and MnO which raises its re- 
fractive index. 

Phase 3—A glass phase of refractive index of 1.52-1.56. 
This is an aluminum silicate glass, possibly containing a 
little iron and manganese oxide. Probably the refractive 
index increases with the amount of Al,O, present. 

Phase 4—A glass of refractive index 1.53 thought to be 
of fireclay origin. This was found in one or two samples 
ot.ly. 

Phase 5—A glass of 1.65-1.66 refractive index having a 
conchoidal fracture. This phase often contained corundum 
particles, so is probably of high alumina content. 

Phase 6—Round or nearly round balls of corundum 
(Al,O,) probably containing a small amount of mullite 
(3A,0, : 2SiO,) within them. These “balls” are ob- 





viously made up of a number of small individual particles 
of corundum sintered together to form a larger particle. 
Photomicrographs of this type inclusion are shown in Figs, 
3a and 3b. 

Phase 7—Pure corundum (AI,O,) present in individual 
particles not coalesced or sintered together as in Phase 6, 

Two of these typical inclusion phases are illustrated jp 
the accompanying photomicrographs. Phase 2 is typical of 
the sample “A’”’ and is shown in Fig. 2a (x200) as it ap- 
pears in the metallographic section. Being of low melting 
point, inclusions of this type invariably appear as stringers 
in samples taken from rolled bars. Fig 2b shows the ap- 
pearance (x200) of this type of inclusion as observed 
petrographically after separation from the steel. The 
clumps of small particles are composed of the broken 
fragments of the stringers. That they are composed largely 
of SiO, is indicated by the analysis of sample “A” in the 
Table. 

At the other end of the series are the inclusions of high 
Al,O, content (Sample H). The photomicrographs shown 
in Fig. 3a and 3b are typical of Phase 6. Fig. 3a shows 
the non-elongated, nearly round inclusions observed metal- 
lographically. Fig. 3b shows the separated inclusions as 
observed petrographically. It will be seen in these figures 
that Phase 6 “‘ball type” inclusions predominate. A small 
amount of glassy material is likewise visible in Fig. %b. 


Application to Production Contro! 


Knowing what the inclusions are, their constitution and 
properties, it is possible to apply this information to manu- 
facturing practices in an effort to reduce the total number 
of inclusions, control their type, shape and distribution and 
study the effect of these changes on the various physical 
properties of the steels. 
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A LETTER TO THE EDIT 
Not “‘Alm” for Aluminum in Germany 


To the Editor: 1 am just as amused as you are about the 
germanizing of technical international words, of which you 
publish a few examples in your editorial of April, 1937. It 
is just as ridiculous as substituting “liberty cabbage’’ for sauer- 
kraut. However, you should make a little correction in your 


A CHUCKLE 


Synthetic Metal from Ashes 


To the Engineering Dept. (of a large company). 
Enclosed is a piece of synthetic metal composed from ashes. 
Looks like silver. 


172 


editorial for the fact is that the German government prohibits 
this nonsensical germanization, as published in the magazine 
Aluminium, March, 1937. In the same magazine you will also 
find the reaction of German engineers on this subject. There 
fore—to retain the well known reliability of METALS AND Al 
Loys, you should make this correction. 


1172 Plainfield Rd., 
Cleveland, Ohio 


W. BonsAck 

Also synthetic gold. Sample of ore treated in nitrate and 
exposed to sun for visibilities of yellow particles average about 
le to YW oz. gold to oz. dirt—Secret Process. Silver of white 
metal for 14 to 1 oz. or im some cases 100% metal of, 54: 
aluminum. Silver about 4% over yellow particles, a transparent 
substance that goes through glass, maybe radium. z 

Will pay 200% on $. Would you consider to make this 
a position or job in your presence, out of ashes, etc.? 
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Diffusion in Solid Metals—t 


A CORRELATED ABSTRACT 


py A. |. Krymitsky 


Associate Metallurgist, National Bureau of Standards, Washington, D. C. 
(Publi Af proved by the Directors) 

This i econd and last installment of this article. The first der. It was also shown?s that diffusion of zinc into copper 
was publ ad in the Ma) 1SSHe. 


single-crystal is difficult, and that it depends on the vapor 


: : int Si ' c tal pressure of the zinc. On the other hand, when the single 
owen nittmelan e rystals crystal is open-packed instead of close-packed, one may ex- 
an pect quite different results. For instance. Desch!* believes 


The « relating to diffusion in single crystals are so that diffusion of atoms can take place without any dis- 
scarce tl sractically no conclusions can be drawn in re- turbance in a quartz crystal, because in certain directions 
gard to important problem. There is a belief!*, how- the quartz lattice is openly packed, and there are actual 
ever, tha diffusion can take place with a closely packed tunnels through it sufficiently large to admit a good many 
lattice. vas shown? that carbon, iron, and molybdenum atoms. 
practical » not diffuse into single-crystal tungsten wire, An interesting supposition in regard to diffusion into 
whereas diffuse readily into compressed tungsten pow- single crystals was made by Belaiew?®, who called atten- 
Nitridin d Diffusion Process. The slow diffusion of nitrogen 15 responsible for the length of time required jor nitvid- 
mg. A '-continuous electric furnace for nitriding is here shown. The furnace can be moved away from the retort to 


allow removal of the finished charge. (Courtesy: The Electric Furnace Co.) 
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tion to the fact that under fatigue-stress and under some 
mechanical tests it is usually observed that the single 
crystals become polycrystalline, or that a certain mosaic 
structure is developed. Having this in mind, one may ex- 
pect that under the influence of foreign atoms trying to get 
into the lattice and not being able to do so, changes on 
these lines may occur. One may also expect that the atoms 
are displaced from their equilibrium position so that the 
energy of loosening is lower than in a perfect crystal. 

An extremely important contribution to the study of dif- 
fusion of two similar solid metals, one into another, so- 
called ‘‘auto-diffusion’’ or ‘‘self-diffusion,” was made by 
Hevesy and his co-workers. The change of place of sim- 
ilar atoms among themselves cannot be detected in a pure 
metal. Therefore, the following method was employed. 
The diffusing atoms selected were those of the radioactive 
isotope of lead, thorium B, which should diffuse into lead 
at the same rate as ordinary lead. When two thin foils®, 
one of ordinary lead, and the other with lead containing 
thorium B in homogeneous mixture, were pressed together 
in vacuo and heated, a diffusion of the active lead into the 
inactive one took place and the phenomena could be ana- 
lyzed by means of the electroscope. The thickness of the 
inactive foil was chosen slightly greater than the range of 
the alpha particles to be measured. Therefore, no scintil- 
lations originating from the radioactive lead could be ob- 
served when investigating the inactive foil. But on heat- 
ing the aggregate of the foils, a diffusion of the active lead 
into the inactive took place and the alpha particles, owing 
to the diffused atoms, or their successive products of dis- 
integration, produced scintillations on the observing screen. 
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X-ray Photogram Showing Dif. 
fusion Process in Copper-Golg 
System. The duplex sample 
was made by electrode positing 
thin layers of the two metals gl. 
ternately on top of one another 
to form a thin sheet. The sam. 
ple was heated for 24 bys at 





Original each temperature. At 300 deg. 
dleposit C. a real change in line Position 

has taken place. At 400 deg, C 
150°C. mutual solubility has begun. At 


500 deg. C. reasonably sharp 
lines of the homogeneous alloy 
200 °C. are Seen, VY. G. Mooradian and 
John T. Norton, (Ref. 35.) 


‘300 °C. 


400°C. 





S00 °C, 


By comparing the number of these scintillation with the 
number of scintillations produced by the active oil at the 
beginning of the experiment, the rate of self-c ‘fusion in 
lead was determined. 

In the case of a single crystal the method was somewhat 
modified to avoid stresses. Thorium B was co! ected ina 
hydrogen atmosphere on the surface of the sinyle crystal 
of lead, and it was observed whether, after heating, a de 
crease in the number of scintillations could be noticed. In 
these experiments of Hevesy and Obrutsheva practically no 
self-diffusion was observed in the single crystal of lead, 
whereas this phenomenon took place in polycrystalline lead. 
Cn the other hand, it was found that the coefficient of dif; 
fusion of polinium into lead was the same both in the 
foil and in the simgle crystal. These observations led the 
authors to conclude that the atoms of polinium “/oosen 
the lattice of the individual lead crystal and a migration of 
atoms occurs through disturbed regions.” 

When investigating the diffusion of two very similar 
metals like silver and gold, or thallium and lead, into 
each other, we can expect, the authors state, to find condi- 
tions not very far remowed. from those encountered in the 
case of self-diffusion. By using a foil of thallium and one 
of active lead they found that the rate of diffusion in such 
a case did not vary much from that of the self-diffusion 
in lead. It was later found by Seith and Keil** that there 
is no essential difference in the rate of self-diffusion in Jead, 
whether the single crystal or polycrystalline lead are ¢= 
ployed. It was shown, however, in their further investiga- 
tion®* that the rate of self-diffusion is greater in the 
distorted by mechanical work when compared with the rate 
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in the same metal recrystallized. Some of the results ob- 
tained in Hevesy’s laboratory are given in Table 4. 


Influence of lattice distortion on diffusion in solid metals.— 


The principle advanced by Hevesy that some “loosening”’ 
of the lattice is necessary for atomic migration was accepted 
by many recent investigators. Seith and Laird?! from their 
study on diffusion into lead of several elements (Table 4) 
came to the conclusion that, where the outer electron shells 
are very similar, i.e., the atoms are chemically closely alike 
(in this case Pb, Sn, TI, Bi), there is little “loosening” of 


Table 4—Some of the Results Obtained on Diffusion in Single-Crystal 
and Polycrystalline Lead in Hevesy’s Laboratory. 


Temper- J , , a) 

ature Diffusing Diffusivity, 
Deg. C. elements sq. cm. per day Investigators 

280 Th B into Pb foil........ 1.5 x10-* Hevesy and Obrutsheva ™ 
310 Th B into Pb foil........ 5.7 x10 do 

310 Po into Pb either single 

crystal or. §O0fl....-... 1.3 x10-° do 
324 Th B into Pb foil........ 1.4 x 10-4 do 
324 Th B into Pb either single 


crystal or multi-crystal- 

line »seppebanpaeencees 4.78x 10-5 Seith and Keil™ 
182 Th B in Pb either single 

rystal or multi-crystal- 


ine +<denenbmeande deh 4.12 x 10-8 ° 
285 Sn into lead cylinder..... 14 x10-5 Seith and Laird ™ 

T! into lead cylinder..... 2.7 x 10-5 do 

Bi into lead cylinder..... 3.8 x 10-5 do 

‘ to lead cylinder..... 0.79 x 10-2 do 
the lattice and therefore a small rate of diffusion should be 
expecte yn the other hand, where the atoms differ con- 
siderably in these respects (Pb and Ag) the lattice is con- 
siderably loosened and diffusion is more rapid. They sug- 
gest that the atomic diameter, the type of lattice upon which 
the atom, crystallize and the nature of the outer shells of 
the atoms, play an important part. There is also some indi- 
cation it the element which penetrates the other is one 
whose ams are closest together. Calculating the heat of 
lattice-loosening (Auflockerungswirme) Q for different 


elements ind comparing their values with the coefficient of 
diffusion into lead (according to the above-mentioned rela- 
tion, D Ae®/sT), at a given temperature, Seith and 
Keil** e to the conclusion that the smaller the heat of 
lattice-lo.sening of the entering element the greater is its 
coeficien of diffusion. 

As may be seen in Tables 5 and 6, the heats of lattice- 
loosenin: of gold and silver are much smaller (or atomic 
mobility much greater than that of lead itself and, there- 
fore, their coefficients of diffusion into lead are greater than 
that of the self-diffusion of lead into lead. 


Table 5—Heats of Lattice-Loosening and Coefficients of Diffusion 
according to Seith & Keil” 


Metals Diffusivity at Heat of lattice 
diffusing 285 deg. C.., loosening Q, 
into Lead Sq. cm, per day cal. per mol. 

Au ee ee ee 4 x10" 14000 
Te .. sdgnlie yanmnee eoeaies 7.9 x 10-8 15200 
Cd ee Ae a en 2.0 x 10-4 ~17000 
Bi Weer) ee eee 3.8 x 10-5 18600 
a Tee Fee 2.7 x 10-5 21000 
= Terre oe ee 1.4x 10-5 24000 
n.. +00 ndthuiesestalS males 6 x10¢ 28000 


Table 6—Diffusivity of lead, silver and gold into lead according to 
Seith and Keil” 





Siniver- Diffusivity in sq. cm. per day 
bec Pb in Pb Ag in Pb Au in Pb 
So oo Sq. cm. per day ~ 
160 ct teeesee BE gy ee ap: 1.35x 10-3 
apn tte tenes et 8 ee ee 7.08 x 10-8 
Dag ett en eee. 7.42 x 10-5 6.6 x 10-4 2.82 x 10-3 
280 PDO 0 oe caleeupene : 7.58 X 10-7 2.34 x 10-3 8.9 x10 
t99. ovevovevcetibnee ees LO 7.08 x 10-3 2.46 x 10-1 
iv esee ewkedwn eee. « 3.14 x 10-5 2.00 x 10-? 5.62 x 10-4 


Only atoms containing a certain critical amount of kinetic 
(or potential?) energy, Langmuir states**, are capable of 
making such interchanges (interchanges in position be- 
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tween neighboring atoms in the space lattice). The fre- 
quency of these changes of position and therefore the dif- 
fusion coefficient should thus be proportional to —-®p/*™ 
where Q,, may be taken as the heat of diffusion or the crit- 
ical energy (per gram-atom) involved in atomic inter- 
changes. 

To test whether a distortion of the lattice is necessary for 
atomic migration, the following experiments were under- 
taken by Mooradian and Norton**. Diffusion was pro- 
duced by heating a duplex sample of the two metals at a 
series of different temperatures. Four different binary 
systems were examined: Copper-nickel, copper-gold, silver- 
gold, and nickel-cobalt. These all form continuous series 
of solid-solutions. The duplex sample was made by elec- 
trodepositing thin layers of the two metals alternately on 
top of one another to form a thin sheet. The relative 
amounts of the two metals were regulated so that X-ray 
diffraction lines of approximately equal intensity were ob- 
tained. The individual layers were so thin that the X-ray 
diffraction patterns were truly representative of the interior 
of the sample. It has been shown by Mooradian and Nor- 
ton that in the original electrodeposits X-ray diffraction 
lines were rather broad. 

In this particular case the presence of wide lines may in- 
dicate either fine grain size, lattice distortion, or variable 
composition from point to point. In view of the fact that 
there was no evidence of the presence of an extremely fine 
grain structure and that there was no variation in composi- 
tion, it was assumed that the broad lines were due to lattice 


Diffusion in Alclad, (Courtesy: Dix and Keller, Alumin- 


um Co. of America Research Laboratories.) 
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The Only All-metal Airship in the World. Careful heat 

treatment was required to prevent excessive diffusion in 

the 0.0095 in, Alclad 17S-T skin sheet. (Courtesy: 
Aluminum Research Laboratories.) 


distortion, as it is known that electrodeposits are under 
considerable mechanical strain. On the other hand. sharp 
lines indicate a uniform homogeneous structure free from 
strain. 

The authors just mentioned showed the X-ray photo- 
grams obtained with copper-gold samples before heating 
and after heating in vacuo at 150, 200, 300, 400, and 500 
deg. C. Both sets of lines were broad in the original de- 
posit, the gold more so than the copper. At 150 deg. C. 
there was some improvement in the sharpness, and at 200 
deg. C. still more. There was no change in line position 
up to this point. At 300 deg. C., however a real change 
had taken place. On one hand, the gold lines moved de- 
cidedly toward the corresponding copper lines and had be- 
come quite broad. On the other hand, the copper lines 
had not moved at all and had become even sharper. Thus 
the recovery temperature of the gold was somewhat above 


The Latest Airway Luxury: A Douglas “Sleeper’’ Plane. 





300 deg. C. The copper had begun to be dissolved by the 
gold at 300 deg. C. but at this temperature none of the gold 
had been dissolved by the copper. At 400 deg. C. mutual 
solubility had begun and a broad line of the alloy only wag 
visible. At 500 deg. C. reasonably sharp lines of the 
homogeneous alloy were seen. 

The authors’ conclusion was that the lattice distortion in 
the original samples is not an aid to diffusion. It may be 
even a hindrance and its removal is necessary before easy 
diffusion can take place. This conclusion, of course, does 
not explain why the diffusivity of similar atoms is yer 
small as compared with that of atoms chemically different, 
as has been pointed out above. 


General Remarks 


N VIEW of the wide contradictions in the results gb. 

tained and conclusions drawn by different investigators, 
it is doubtful whether a theory explaining all the facts 
observed can be formed at the present time. 

The simple idea of interchange of places of adjacent 
atoms in the space lattice cannot explain the changes in 
volume and shape, which have been found**, after diffusion 
in cast bismuth-antimony alloys which involve a strong 
coring effect. (See Table 7.) 


Table 7—Density Changes in Sb-Bi Alloys (25 per cent Sb) after 
Different Annealings, according to Masing. 


Teniper Density 
ature of - aa neal 
Mode of Annealing, Before Annealed Anneale Annealed 
solidification Deg. C. Annealing 10 hrs. 48 hrs. 72 hrs. 
Cast in mold...... 300 8.822 7.919 7.498 7.254 
Cast in mold...... 260 8.829 8.491 8.44 8.150 
Frozen in crucible.. 300 8.824 8.362 8.423 8.353 
Frozen in crucible.. 260 9.022 8.977 8.889 8.231 
Cast in mold...... 39 8.818 8.143 


Rosenhain’s ‘‘Slip Diffusion’’ 
Theory 


The observations show, Rosenhain states, that diffusion 
in solid crystals is confined to bodies of very simple struc 


But diffusion in the Alclad covering sheet must be trolled 
to prevent color contrasts in the unpainted surfaces. 


(Courtesy: Aluminum Research Laboratories.) 
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Progress of Diffusion in Duplex Material of The Alclad Type. Micrographs, x 250, show diffusion of copper 
“‘Allautal” sheet (Al + 4% Cu + 2% Si) not heated and heated for 7, 12 and 25 mins. at 500 deg. C. The 








thickness of the pure aluminum coating was 0.05 mm, A. Burkhardt and G. Sachs. (Ref. 18.) 

ture h as the metals having a cubic or hexagonal sym- brought about by distortion, and that diffusion should occur 
metry. and to a lesser extent to such simple lattices as those only in plastic crystals. According to’ Desch'* however, 
of alkuli halides. Bodies with a more complex, lattice the plasticity is not essential and the geometrical considera- 
stru such as the metals having a tetragonal symmetry, tions mainly determine diffusion. As the packing in a crys- 
the rity of intermetallic compounds, and particularly talline solid becomes looser, Desch states, migration be- 
cryst ‘f inorganic salts, cannot be brought to show the comes easier, an example being seen in the zeolites, the 
pheno: icna of diffusion except at temperatures so near their packing in which is so open as to allow large ions such as 
meltin: points that local incipient fusion may be supposed potassium and barium, and water molecules to migrate free- 
to p! part. ly. 

Ha\ing in view these considerations Rosenhain' pro- The process of “cementation” (in general) is not dis- 
pose theory of diffusion which closely links that proc- cussed because this subject is beyond the scope of this 
ess wiil) the mechanism of slip. In the case of slip under abstract. However, the reader may be referred to such 
mechanical stresses, movement takes place at a plane of important papers on this subject as those by Guillet*’, °°, 
the crystal lattice because only in that way can the stresses and Laissus®®. 
be reli ved. The motive power or stress in the case of dif- 
fusion is believed to be set up by the local disturbance of Two Valuable Papers 
the crystal lattice caused by the presence of a ‘‘stranger’’ or After the present abstract had been completed, two ex- 
solute atom. This stress, however, can be relieved by the tremely valuable papers on diffusion in solid metals were 


movement of a single row of atoms instead of the displace- 
ment of a whole block or sheet, and it is by such movement 
of rows of atoms along all the principal directions of the 
crystal that diffusion can alone take place. There was, 
however, a serious difficulty that a very long row of atoms 
might have to be set in motion before any movement at 
all could occur, and it has been doubted whether the local 
stresses caused by the lattice disturbances around the solute 
atom would be sufficient to overcome the initial resistance to 
movement of so long a row. 

However, according to recent views of crystal structure, 
crystals are not a homogeneous array of atoms strictly mar- 
shalled on a single lattice, but consist of crystal blocks, 
which are not built together with complete and perfect reg- 
ularity, but differ very slightly in orientation, and leave, 
where they meet, something in the nature of looseness of 
structure or even interstices. According to Rosenhain these 
interstices or ‘loose spaces’’ between these crystal blocks or 
units probably are the real channels of diffusion. This 
theory presupposes that the advance takes place by slip 
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presented to the American Institute of Mining and Metal- 
lurgical Engineers, one of the Annual Institute of Metals 
Lecture by R. F. Mehl*?, and the other a paper by Hertha 
R. Freche**, 

The investigation of Freche was carried out on Alclad 
material. The magnesium and silicon in the high-purity 
alloy core diffused into the high-purity aluminum coating. 
The rates of diffusion of magnesium and silicon from the 
alloy core into the aluminum coating were determined from 
the quantitative spectographic data obtained from a series 
of 0.003-in. (0.0076-cm.) steps machined in the Alclad 
coating. In addition, it was determined how the simul- 
taneous presence of silicon affected the rate of diffusion of 
magnesium into aluminum. 

The alloys were chill-cast in the form of 1 Ib. ingots, 2 
by 9 by 10 cm., and the high-purity aluminum coating was 
rolled on to both sides of the alloy ingots after proper sur- 
face preparation of the metals. The resulting material was 
rolled down to the form of a slab about 12.7 cm. wide and 
0.63 cm. thick. The average thickness of coating on either 
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Banded Structure in Steel. (Courtesy: Prof. Bradley 
Stoughton, Lehigh University, Bethlehem, Pa.) 
When the ingot contains crystals of variable phosphorus 
content, the rolled steel shows bands resulting from the 
deformation of these crystals. On account of the slow 
diffusion of phosphorus, such a structure is difficult to 


homogenize, 
< 


side of the slab corresponded to about 0.063 cm. The 
specimens were heat-treated (heated and quenched) at 
temperatures of 450 and 510 deg. C. for different periods 
of time, and examined. 

Fick’s second law of diffusion: 


de d’c 
(: x= o(— t, 
dt dx’ 


was used to express the relation of the concentration C 
of diffusing metal to the time t and the depth of diffusion 
X, D being the coefficient of diffusion. 

The experimental data appear to indicate that the dif- 
fusion of magnesium from the binary aluminum-magnesium 
alloy, and the diffusion of silicon from the binary alumi- 
num-silicon alloy, into their respective high-purity alumi- 
num coatings are of the same order of magnitude. The 
simultaneous presence of magnesium and silicon in the 
ratio of Mg,Si seems to decrease the amount of diffused 
silicon. The magnesium and silicon tend to diffuse into 
the aluminum coating in the approximate ratio of Mg,Si if 
the alloy core is an aluminum-magnesium silicide alloy. 
However, if the alloy core contains excess of silicon and 
magnesium silicide, the diffusion of magnesium in alumi- 
num is greatly diminished, with the result that the Alclad 
coating contains an excess of silicon. This excess silicon 
necessarily will have an effect on the corrosion resistance 
of the Alclad material. 

The paper of Mehl is too comprehensive to be briefly 
abstracted. The following account, however, includes most 
of the outstanding points. According to Mehl the best 
data available on the rate of diffusion in solid metals are in 
good accord with the previously mentioned general dif- 
fusion equation® proposed by Dushman and Langmuir: 





Q 7 ; 
D = — de OQ RT, 
Nh 
where Q is the heat of diffusion, N is Avogadro’s number, 
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h is Planck’s constant, d is the interatomic distance (“jump 
distance’). The applicability of this expression is not lim. 
ited to substitutional solid solutions, but extends as well to 
the interstitial solid solution (carbon in gamma iron), 
However, it cannot be applied to the systems of non-cubic 
metals. 

The relation between melting point and D and Q are of 
a particular interest. In considering the great number of 
data Mehl concludes that: 


(1) The rate of self-diffusion at a given temperature 
is the lower the higher the melting point of a metal, 

(2) In a series of alloys with a common base metal, 
such as the lead alloys described above, the rate of dif. 
fusion is the greater the higher the melting point of the 
diffusing metal. 

(3) In a binary system the rate of diffusion is the 
greater in the lower-melting metal. 

The effect of third elements upon the rate of diffusion 
offers other interesting possibilities. Mehl writes that in- 
asmuch as third elements when present in sufficient quan- 
tity will greatly modify the lattice characteristics, such as 
the dimensions of the unit cell, an effect from this source 
might be readily predicted. He points out that Bramley 
and his co-workers*® found many surprising effects, among 
which may be mentioned that oxygen decreases the rate of 
diffusion of carbon in gamma iron, as does sulphur, that 
carbon decreases the rate of diffusion of phosphorus, and 
that oxygen increases the rate of diffusion of nitrogen. A 
supposition is advanced that some phenomena observed 
may have been caused by the effect of third elements on 
grain size. 


Three types of diffusion—volume, grain boundary, and 
surface diffusion—are discussed. 
Surface mobility appears in many systems, and in many 


cases the phenomena can most safely be described as a 
spreading rather than a diffusion. The surface film of sev- 
eral elements on tungsten obey the diffusion laws ani! pos- 


sess temperature coefficients of rates of diffusion quite anal- 
ogous to those for volume diffusion. This process ‘1s con- 
ceived as a two-dimensional diffusion. The study of the 


relationship between the three types of diffusion of thorium 
in tungsten reveals that the rate of diffusion increases im 
the sequence—volume, boundary, surface. 

In discussing the possible effect of crystallographic direc- 
tion upon the rate of diffusion, the author concludes that 
the rate of diffusion in cubic crystals is independent of the 
direction measured and that the only example available of 
diffusion anisotropy in metal crystals is that of the results 
obtained on the self-diffusion in bismuth, which show that 
the rate of diffusion at 269 deg. C. perpendicular to the 
rhombohedral axis is greater than that parallel to the same 
axis by a factor of approximately one million. 

The conception of thermal lattice-loosening has been 
extended by several writers to include mechanical loosening 
originating in cold work and also loosening associated with 
lattice imperfections and mosaics. In view of the fact that 
distortion produces a less dense structure and less sym- 
metrical force field, the diffusion should be more rapid 
in distorted metals than in undistorted metals, but it is dif- 
ficult to demonstrate the effect, for the rate of recovery from 
the effects of strain is much more rapid than the rate of 
measurable diffusion. 

In the discussion of the correlation between the rates 
of age-hardening in alloys and rates of diffusion, reference 
is made to the work of Seltz and Hone at the Carnegie In- 
stitute of Technology in 1933, who showed that the initial 


METALS AND ALLOYS 








rates of precipitation of the gamma phase from the thermal 
solid solution of Ag in Al (as measured by change in elec- 
trical resistance) varied exponentially with temperature and 
could be expressed by an equation of the Dushman and 
Langmuir type. These results suggest that the rate of dif- 
fusion is the controlling factor in determining the rate of 
aging. 

Suggestion is also made by Mehl that the preferential 
precipitation of an aging constituent at the grain boundaries 
may be associated with an increased rate of diffusion at the 
grain boundary, and that this effect may be lacking in sys- 
tems in which grain boundary diffusion is no more rapid 
chan intragranular diffusion, 

It is further stated that “if a compound is to precipitate 
from a solvent, such as Mg,Si from Al, it is evident either 
that the two atoms must diffuse at the proper relative rates 
to give the compound, whatever the normal rate of dif- 
fusion of each may be, as Mrs. Freche suggests, or that the 
rate of diffusion of the more slowly diffusing metal con- 
trols the rate of precipitation; it is also at least possible in 
such cases that some phase other than the predicted com- 
pound may appear first on precipitation, as was shown by 
Mehl, Barrett and Rhines for the system Al-Mg,Si*!.” 
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ATMOSPHERE FROM HOT CHARCOAL FOR 


ANNEALING COPPER 


reer arci 


Rese 1 Engineer, Westinghouse Research 
Laboratories, East Pittsburgh, Pa. 


furnace atmosphere free from traces of oxygen and 

sulphur to prevent tarnishing; and also one having a 
low content of reducing gases (hydrogen or carbon mon- 
oxide) to prevent embrittlement. Such an atmosphere may 
be obtained by passing air through a charcoal furnace. 

The dry gas producer, i.¢e., apparatus for production of 
a fuel gas from carbon in the absence of intentionally added 
moisture, has been discussed many years ago (e.g., Kov- 
enaar “Combustion in the Gas Producer and the Blast 
Furna 1924, Crosby Lockwood & Son) while the C, 
CO, CO., equilibrium was discussed by Boudouard back in 
1901 (inn. Chim. Phys., 1901, page 5) and by many other 
investig.itors since. 

Johannsen and von Wachenfeldt (Jernkontorets Annaler, 
June, 1)29, p. 141-179) described the use of a dry pro- 


[« BRIGHT ANNEALING OF COPPER requires a 


ducer using charcoal for manufacture of a protective gas 
for ann .ling steel. Cone (METALS AND ALLOoys, Febru- 
ary, 1' pages 33-37) has mentioned the use of charcoal 
produce gas, made at a high temperature, for protection of 


molten oxygen-free, high-conductivity copper. 
Beca of the apparent simplicity of the dry producer 


method, its possible advantages seem worth some experi- 
mental siudy. 


Composition of the Atmosphere 


_ When dry air is passed through a granular mass of char- 
a coal at furnace temperature, the resulting gas mixture con- 
| Sists principally of nitrogen, carbon dioxide and carbon 
~ Monoxide, the proportions of these gases depending upon 
the temperature of the charcoal. Since any moisture pres- 
€nt reacts with the carbon to form hydrogen and carbon 
monoxide, the amount of hydrogen in the annealing gas 
may be controlled by regulating the moisture content of 
the charcoal and the humidity of the incoming air. 

The following percentages of carbon dioxide and of 
carbon monoxide in equilibrium with carbon at different 
temperatures (nitrogen by difference), as given in Table I, 
Were taken from Johansson and von Wachenfeldt. 

For annealing copper, a satisfactory atmosphere seemed 
available at the lower temperatures given in Table I, inas- 
much as the prevention of embrittlement requires a low 
“ontent of the reducing gas, carbon monoxide. Since small 
traces of sulphur in the annealing atmosphere are fre- 
quently a cause of tarnish when city gas is used, the use of 
charcoal should offer a distinct advantage in this respect 
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inasmuch as it may be obtained free from sulphur. In a 
properly designed furnace, traces of oxygen in sufhcient 
concentration to cause tarnishing may be eliminated. Fur- 
thermore, since the hydrogen may be maintained below 
that concentration where embrittlement occurs, by con- 
trolling the amount of moisture, a non-tarnishing and non- 
embrittling atmosphere seemed readily obtainable. 


Table 1.—Percentages of CO. and CO in Equilibrium with C 
at Different Temperatures 


Percentage 

Temperature, — — -—— 
Deg. C. COs CO No 
Ps) hb bbs RAWERRET ADVE ROE © 0.35 33.75 65.90 
a °eceweeds ibe eka cs ase pee eee 0.75 33.20 66.03 
Ra Sr Se An a : 1.60 31.70 66.70 
Ta. pc ald ideo Vee eed wae aie’ © 6 3.45 28.65 67.90 
SE AS Skis & dad Oh é Oa eRe e 6.60 23.45 69.95 
EN cocina a vk we ees 6 Oe s ban 10.65 16.80 72.55 
tS Duy so abuete waded saaesee 14.55 10.40 75.05 
ee On Se en eae 17.55 5.40 77.05 
SE | ee eee ee eee 19.35 2.45 78.23 


Experimental Furnace Used 


For producing experimentally a small supply of charcoal 
gas, a producer (see illustration) was made by using a 3-in. 
stainless steel pipe, 24 in. long, inserted in a tubular fur- 
nace of the same length, in a vertical position and elec- 
trically heated. A perforated plate in the lower end of the 
pipe supported the wood charcoal granules having dimen- 
sions from about 1/4 in. to 34, in. At the upper end of the 
pipe a Y was attached, one branch serving as a feed door 
for adding charcoal and the other branch, as outlet for gas. 
The air was introduced through the perforated plate at the 
bottom. The gas outlet was a 1-in. pipe extending down 
to the middle of the furnace. The outlet pipe therefore 
led the gas off from the hottest section of the furnace and 
the thermocouple was located there. 

The chamber in which the copper was annealed consisted 
of a stainless steel cylinder 12 in. deep and 7 in. in di- 
ameter. It was provided with a circular steel plate cover, 
carrying gas inlet and outlet tubes and an asbestos gasket. 
A thermocouple tube extended to the bottom of the cham- 
ber. The annealing chamber was lowered into an elec- 
tric furnace which provided temperatures up to 600 deg. C. 
The annealing gas was led directly from the charcoal fur- 
nace to the annealing chamber without any further treat- 
ment. 


Gases Obtained from Furnace 


The analyses in Table II show the compositions of gas 
mixtures obtained with this furnace, the temperatures being 
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that of the thermocouple where the gas left the charcoal. 


Table Il.—Analyses and Temperatures of Experimental Gases 


Samees WIG seis acs cada ce we pa eee l 2 3 4 


Temperature, deg. C.... . 800 700 650 550 
Temperature, deg. F.........2.54% i’, 3444 1292 1202 1022 


Percentage by Volume 


Coane e.g os vee enews : 8.2 13.1 13.4 i752 
Carbon monoxide ..... ’ Tere oe 10.3 10.0 cP 
PEO Lieb besa bck eos eet eihae 11.4 3.4 2.0 1.2 
Nitrogen (by difference) ........... 61.5 Fase 74.6 77.9 


The percentages of carbon dioxide and monoxide ob- 
tained in Table II were not correlated with temperature as 
in Table I because of the presence of considerable hy- 
drogen. 

Sample No. 1 in Table II was prepared from undried 
charcoal, which contained 2.4 per cent water. This ac- 
counted for about two thirds of the hydrogen, the re- 
mainder coming from the humidity of the air. Samples 
Nos. 2, 3 and 4 were prepared from dry charcoal, dried by 
filling the furnace with charcoal and allowing it to stand 
over night at furnace temperature before using. The hy- 
drogen in the last three samples, therefore, came from mois- 
ture in the air. 

The temperature of the charcoal furnace was successively 
lowered until the percentage of reducing gases (H, + CO) 
was below that necessary to change the color of the copper. 
Samples Nos. 1, 2 and 3 produced a marked color-change, 
while the effect of No. 4 was barely perceptible. 

Prior to making the annealing tests, it was necessary to 
determine when the oxygen in the annealing chamber had 
been diminished to a non-tarnishing concentration. This was 
done by leading the gas from the chamber into a trans- 
parent quartz tube supported in an electric furnace whose 
temperature could be easily varied. The gas was passed 
through a 14-in. copper tube directly from annealing cham- 
ber into the quartz tube. When a copper strip showed no 
tarnish, as the temperature of the quartz tube was lowered 
through the tarnishing zone, the chamber was considered 
free from oxygen and the annealing test then carried out. 
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cycle of temperature required about: 11/, hrs. The copper 
annealed in gas No. 4 was tested for elongation by the ball 
and cup method. Four samples of metal gave the follow. 
ing elongations with a 1-in. ball: 0.365, 0.370, 0.360 and 
0.365 in. Similar readings on the un-annealed sheet aver- 
aged 0.350 in. On the bases of these results, the gas was 
satisfactory insofar as freedom from color-change nd em- 
brittlement is concerned. 

No study was made of the charcoal furnace with a view 
to supplying information for the design of one ‘or com- 
mercial use. A rate of 5 cu. ft. of air per hour was used 
for the above tests. Twice this rate was used several times 
without passing sufficient oxygen to cause tarnishiny. 

The charcoal used in the above tests was obtained from 
the Cliff Dow Chemical Co., Marquette, Mich. Before 
receiving this material, a bag of ‘Tennessee Oak’’ charcoal 
was purchased in Pittsburgh. Both materials seemed 
equally satisfactory. 


Quantity of Charcoal Involved 


The amount of charcoal required per unit volume of an 
nealing gas depends upon the proportion of carbon di- 
oxide and monoxide which is determined by the tempera- 
ture of the charcoal. In the complete combustion of chat- 
coal in air to CO,, according to the equation 

C + O, + 3.78 Ns = COs + 3.78 Ns 
1000 cu. ft. of annealing gas at 740 mm. and 25 deg. C 
(29.1 in. mercury and 77 deg. F.) would require 6.2 lbs. of 
carbon. 

If only CO be produced according to the equation 

2C + O: + 3.78 N: = 2 CO + 3.78 N: 

1000 cu. ft. of annealing gas under the above conditions 
would require 10.4 Ibs. of carbon. Since wood charcoal is 
almost entirely carbon (the sample used in these tests com 
tained 2.4% water and 1.4% ash) and a small percentage 
of CO is desirable for annealing copper, the amount of 
charcoal required would be slightly more than 6.2 lbs. pet 
1000 cu. ft. At the market price for charcoal, the cost of 
the annealing gas would be moderate in view of the situa 
tion that the cost of water, oxygen, and sulphur removal Is 
eliminated. 
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Stresses in Welded Joints 


A very interesting and instructive address on “Stresses in 
Welded Joints and How to Eliminate Them’, was delivered 
before a joint meeting of the New York local sections of the 
American Welding Society and the American Society for Metals 
recently. The speaker was Everett Chapman, president of Luken- 
weld, Inc., Coatesville, Pa., regarded as an authority on weld- 
ing and cutting of metals. 

As a discusser of such a complicated subject, Mr. Chapman 


was unique in his frankness. He did not claim that welding 
is a cure for many or all evils. He frankly pointed out many 
of its possible weaknesses particularly those involving stresses. 
For many of them he presented a remedy, among which was 
the avoidance of a design or a construction which could result 
at any int in setting up stresses. He pointed out, by means of 
slides of photoelastic curves, the possible damaging effects of stresses 
and particularly stress concentrations. One point which he fre- 
quent iphasized was that too frequently troubles and failures 
are d the mistakes of the designing engineer. 

So f the types of steels used in the operations of his 
comp were discussed. He dealt with both rimming and 
killed s\-els and the relative effects of composition and segrega- 
tion hese on the welding of the plates. Alloy steels were 
frequ¢ brought into the picture. In reply to a question, 
Mr, Chipman said that his company is using principally manga- 
nese-1 denum steels as well as some Cromansil. The Mn-Mo 
type is one with about —.90 to 1 per cent Mn and 0.40 
to 0. er cent Mo. In all cases, the speaker said, it is his 
aim t p the carbon not over 0.18 per cent. 


Spiegeicisen Consumption at Record Volume 


Very little, if any, data are available—and almost nothing has 
been published—as to the consumption of spiegeleisen by Amer- 
ican users. This information can, however, be arrived at by an 
analysis of separate data available. The method is as follows: 

Total production of ferromanganese and spiegeleisen is re- 
ported cach year by the American Iron and Steel Institute. The 
leading trade papers collect each month the production data for 
ferromanganese and their figures are usually correct. The im- 
ports of spiegeleisen are reported monthly by the Bureau of 
Foreign & Domestic Commerce. Subtracting the trade paper year- 
ly total for the ferromanganese from the Institute’s total for 
the ferroalloy and spiegeleisen output gives the latter’s produc- 
tion. Add to this the imports and one has the approximate total 
consumption of spiegeleisen each year. The result of such an 
analysis is as follows in gross tons, 


1929 Output Imports Consumption 
1930 . . . 140,850 13,800 154,659 
+» Eee 85,850 13,400 99,200 
BE ste sceceseens 36,300 8,300 44.600 
sore canig .. 25,900 26,300 52,200 
1936 ‘ 104,100 54,000 158,100 
seve peepee 52,000 192,390 


Thus the 1936 consumption of spiegeleisen at approximately 
192,390 tons exceeded that of 1929, the boom year by over 
37,700 tons. The expansion since 1932 in consumption is also 
a reflection of the expanding recovery. 
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Metallurgical and Commerce News 


BY THE EDITORS 


Sodium Fluoride in Ingot Molds 


The practice of adding sodium fluoride to ingot molds in 
open-hearth practice was one of the subjects discussed at the 
annual conferences of the Open-Hearth Committee of the A.I.M. 
and M.E., at Birmingham this spring. A general discussion 
brought out the fact that such additions are advantageous. The 
practice has been in use by several operators for several years. 

It was stated that, for rimming steel ingots, the proper amount 
of sodium fluoride to add is 2 oz. per ton for lower carbon 
heats with- 3 oz. per ton for the higher carbons. It should be 
thrown in when 2 to 3 in. of molten steel is in the mold. It 
was agreed that the action is more mechanical than chemical 
as indicated by the roaring sound and the intense sodium flame. 
An advantage from its use is reported to come from the violent 
momentary mechanical action, according to the testimony of oper- 
ating men. One operator testified that the use of sodium fluoride 
moved the primary blow holes in from the surface and that 
such holes are cleaner and smaller. 

As to the effect of sodium fluoride on the surface of the 
ingot, it was common opinion that there is very little and, if 
any, only a slight improvement. The treated ingot needs pos- 
sibly less chipping. 


Large Increase in Sponge Iron Imports 


With 1,176 tons of sponge iron imported into the United 
States to April 1, the total for 1937 has risen to a record 
figure. The record thus far in 1937 compared to previous years 
is as follows in gross tons: 


Year : Total Imports Tons per Month 
| EN a rere e 216 | 
Das 4 a 185 15.4 
ES ae 619 51.0 
>. aa i. 75.0 
oo) ee ¥s 1460 107.0 
BPE. hed dled wae’ 1950 162.0 
es SUN a od x on eae ee eee e 1455 485.0 


It will be noticed that, at 485 tons a month for the first 
three months of this year, the imports are many times the 
volume in 1936 and that the trend has been steadily upward 
right through the depression. 


The majority, if not all, of these imports of sponge iron 
come from Sweden. It is a high grade product, made by a 
special process developed in that country. Almost none is made 
commercially in this country, although there are numerous patents 
for its production. 


The chief use of sponge iron is as a raw material in the 
production of high grade steels. It is claimed that, when this 
iron is mixed with the charge in electric furnaces, the quality 
of the steel is much improved. This same material in the form 
of powdered iron is also used as a raw material in powder 
metallurgy—the production of various alloys by mixing the 
powdered metals and subjecting them to great pressure and 
heat. There are many interesting applications of the powdered 
product, particularly by one or two large automobile manu- 
facturers. 
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Good Steel from High Sulphur Iron Ore 


At the general luncheon during the annual conference of 
the Open-Hearth Committee of the A.I.M. and ME. at Bir- 
mingham, Ala., in April, the principal speaker was Earl C. 
Smith, chief metallurgist, Republic Steel Corp. His address 
was a most interesting recital of his experience visiting steel 
plants in several European countries. 

Discussing the rather unique blast furnace operations at Corby, 
England, where low grade ore, high in sulphur, is being con- 
verted into good steel, mainly for pipe, Mr. Smith is quoted as 
having said: 

Blast furnaces at Corby, England, are using 29 per cent 
iron ore containing 0.20 to 0.80 per cent sulphur, and are de- 
sulphurizing the molten pig iron in the ladle and in basic mixers 
with soda ash, hydrogen and steam. The quantity of soda ash 
used is about 1 per cent of the iron. The pig iron made by 
this process is high grade. The production cost is about $9 
per ton or possibly a little less. A German plant uses liquid 
soda ash for the same purpose, lowering the sulphur from 0.08 
to 0.04 per cent. 


Ferromanganese Output Heavy 


With the sharp upturn in steel production this year, there 
has come a decided increase in the output of ferromanganese 
by American blast furnaces. The total for the first four months 
has been 101,810 gross tons or 25,450 tons per month. Com- 
pared with 1936 and with previous years the authoritative record 
is as follows in gross tons: 


Year Total Output Tons per Month 
Lok ier jad ith n ; .119,493 9,960 
1918 (war) et fa 4hs ee 333,027 27,750 
SOGP |. Sreawake : 335,799 27,820 
>> ia 5 wade - ; . 276,500 23,040 
RPA \ swine .212,115 17,673 
Re a AS ee » Seen 4,780 
SD So - 136,852 11,400 
of. rrr . .124,190 10,350 
DMD” give oh tthe bee ee 185,173 15,431 
1936. gS ete oS 21,227 
Sear 04 MAP cdi wuss . .101,810 25,450 


Thus at over 25,450 tons per month this year to May, the 
ferromanganese production is nearly 20 per cent higher than 
in 1936. It is substantially in excess of the volume in 1930 
of 23,040 tons each month and is over five times the volume 
of only 4,780 tons monthly at the low point of the depression 
in 1932. It is not far from the record American production of 
27,820 tons per month in 1929. 

That the output of this important steel making alloy is a 
measure of the rate of steel ingot output is clearly demon- 
strated by these data. The ferromanganese production is a 
barometer of the trend of the American steel industry. 


New Russian Manganese Ore Mine 


It is estimated that, as a result of development work at the 
manganese mine at Mazul in the Achinsk region of Russia, 
where 12 deep shafts have been sunk, the reserves of manga- 
nese ore of merchantable grade run to 10,000,000 metric tons. 
In 6 of the shafts sunk ore bodies have been tapped which are 
estimated to run 45 per cent Mn, according to Foreign Metals 
and Minerals of the Bureau of Foreign and Domestic Com- 
merce. In one shaft the thickness ran as high as 75 meters. 


South Africa to Make Ferromanganese 


Production of ferromanganese is to be undertaken in the 
near future at the Newcastle, Natal works of the Union Steel 
Corp. of South Africa, according to Commercial Attache Samuel 
H. Day at Johannesburg. The profitable export of locally pro- 
duced ferromanganese has been made probable by higher prices 
recently obtained, coupled with the fact that South African 
manganese ore is now in regular production. The Newcastle 
plant, closed for 5 years, will not produce pig iron as hereto- 
fore but will confine its operations to ferromanganese. 
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World Output of Steel in 1936 Exceeds All 
Records— Total Pig Iron Large 


There has been published estimates of the world Production 
of pig iron and steel ingots and castings by two authorities— 
The Iron Age and Steel—in their annual review issues, The 
totals as published are as follows in thousands of gross tons— 
compared with 1935: 


Pig Iron: 
1935 1936 
Iron Age 72,770 89,434 
Steel 72,713 89,615 
Average : 72,741 89,524 
Steel Ingots and Castings 
SG. SD < . a's bats s a ees .«+ 95,850 119,550 
i. ar oo ce dat Say % .. 97,613 123,640 
Average yee Vavcive aero 121,595 


Taking the average of these two estimates as representing, 
probably quite closely, the approximate world production, we 
find the following: 


1935 1936 
Pig Iron Gass: tite, Eccubegie: Soahak sncds kk tae 89.594 
|” a pane. ee a et 96,731 121,595 


Thus at 121,595,000 gross tons, the world steel output in 
1936 was about 25.5 per cent larger than in 1935. With pig 
iron totalling approximately 89,524,000 tons in 1936, the in- 
crease over 1935 was approximately 23 per cent. 


Compared with previous years the world total for steel 
was the largest ever recorded while that for pig iron was the 
largest since 1929. 


Output of American Spiegeleisen 


Not since 1926 has the American Iron and Steel [nstitute 
published the actual data of the American production spieg- 
eleisen. Since then only the combined tonnage of fer: manga- 
nese and spiegeleisen has been made public. 


It is possible, however, to arrive at the approximate amount 
of spiegeleisen produced each year by deducting from ‘he total 
tonnage of the two ferroalloys the quantity of ferromnganese 
as published by The Iron Age and Steel which collect these 
statistics each month. Adopting such a method the following 
table is arrived at for the yearly production of spiegelcisen in 
approximate gross tons: 


ISSR - vichGhed)isere te 0 re wld wand da-5 aii Paeaea 82,250 
fs. Pe Sie r 2A ; +. oe~ eee es en 40 ee 
ae Gre es we ee OAs ans we 64 eal 85,856 
ih a ore i Tutti Te ast Jk 22,700 
io a ‘ip petdhe oGak th aatik ae ksh <. sents 36,300 
1933 peucek hha dee 7 >6 cA eee ne 8 nS 25,900 
| pe oe SS» aavtaus ..+. 61,600 
2) Se pase ties 5 piaacahs ac Raealeen +48 aoc eon 104,100 
| PS Paes oe eee caked P PPR Pie ee 


Regarding these figures as reliably accurate, the 1936 output 
of spiegeleisen at over 140,300 gross tons was nearly equal to the 
boom year of 1929 when it was 140,850 tons. The recovery 
in steel operations, since the 1931 to 1933 period, is also 
clearly reflected by the expansion in output. 


The largest output reported by the American Iron and Steel 
Institute from 1918 to 1926 inclusive was 161,147 tons im 
1918—a war year—with 75,730 tons in 1926 as a normal year. 


There is a larger use im recent years for spiegeleisen as 4 
deoxidizer in open-hearth practice. 


World’s Longest Rails 


The longest rails in the world—1i20 ft—are claimed by I” 
dustrial Britain to have been laid on the London & North East 
ern Railroad Co.'s main line in England; 100 tons were used. 
It is believed these are the longest rails ever produced in ome 
piece in any part of the world. 


METALS AND ALLOYS 
































METALS USED IN THE 


Development of Power Cables 


hy W.H. Bassett, Jr. 


Manager, Metallurgical Development, 
Anaconda Wire & Cable Co., Hastings-on-Hudson, N. Y. 


ibles would be complete without reviewing briefly the 


N DISCUSSION OF THE METALS used in power 
history of copper production in the United States. 


Native or metallic copper was known in this country long 
befo the earliest visits of European explorers. The 
American Indians found the “red metal’’ in the Northern 


peninsula of Michigan. 

In 1845, three years after S.F.B. Morse installed the first 
submarine communication cable in New York harbor, the 
total production of copper in this country was 100 tons. 
The metal was obtained from five states along the Eastern 
seaboard, Vermont, Pennsylvania, Virginia, North Carolina, 
and Georgia. Ninety years later we find that the produc- 
tion of primary refined copper amounted to 611,000 tons, 
according to the U. S. Bureau of Mines. The five states 
producing the largest tonnage were Arizona, Utah, Mon- 
tana, Michigan, and Nevada, the important sources of cop- 
per having moved to the west and none of the original 
states being included in the group of important producers. 

While the production in 1935 shows a material increase 
over the last three years, it is still materially below the peak 
production of 1,437,000 tons, in 1929, also U. S. Bur. of 
Mines data. 

The first commercial production of fire refined Lake cop- 
pet was started in 1850. Lake copper was the standard of 
the American industry for over 50 yrs., because of the uni- 
form high quality of the Lake Superior ores. It was not 
until 1883 that the first electrolytic copper was produced 
by the Balbach Smelting & Refining Co. This was 23 years 
after the first successful dynamos were produced, which are 
so essential in furnishing cheap power for the electrolysis 
of the copper. 

The first commercial arc light systems, established in 
1877; Edison’s incandescent lamp, invented in 1879; and 
Stanley's constant pressure alternating current system of 
distribution, invented in 1886, all increased the demand for 
copper which is the best industrially available conductor of 
electricity. In spite of the rapid increase in the use of the 
metal, it was not until 1911 that the first industry standard 
lor copper wirebars was published by the American Society 
tor Testing Materials. Because Lake copper was still a 
very important factor in the American market, the specifica- 





tion was revised two years later and two specifications were 
written, one for Lake copper, and the other for electrolytic 
copper. These standard specifications have remained essen- 
tially the same for the last 25 years. In 1927, the specifica- 
tions were again revised to include the physical dimensions 
of the wirebars, slightly increase the metal content (copper 
plus silver 99.900% min.) and conductivity (99.33% min. 
I.A.C.S.) and permit the use of high resistance Lake copper 
when required by the purchaser. 

As stated before, for 50 years fire refined Lake copper 
was the standard of the electrical industry. The tests con- 
ducted by W. H. Bassett in 1903 and 1904, which showed 
that the physical properties of electrolytic copper were equal 
or superior to the fire refined Lake copper, were used in a 
legal action to justify the delivery of electrolytic copper. 
From that time electrolytic copper has led the field. 

The importance of the electrolytic process is readily il- 
lustrated by the fact that during the past 25 years over 90 
per cent of the production has been in this class of material, 
the present figure being about 94 per cent. 

The smelting and electrolytic refining methods developed 
by the American producers have reduced the impurities in 


Copper Wire Bars As Received from the Refinery 
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Table 1.—Investigation of Quality of 0.102 in. Diameter Copper Wire Produced from Four Types of Wirebar with 
Different Wire Drawing Machines 





Average Average Average 
Breaking Elongation Bends Average Bend Flatback Checking 
Strength, in 60 in., 0.202 in. Rad., Twists in 6 in., -— $$ ______’~_____ ——_—.. 
Pounds Per Cent Number None Slight Med. Pron. Bad 
CONTINUOUS DRAWING MACHINE TYPE A 
44A 6 Oa aide & « & 583 1.02 10.4 86.3 10 ssa 
43A End poured ...... 591 1.16 6.1 78.8 10 a 
42A erry 592 1.28 5.2 68.8 10 ts 
41A Electrolytic ....... 593 1.19 5.0 44.5 ‘ 1 9 
40A Electrolytic ....... 593 1.19 5.0 47.6 2 5 3 
CONTINUOUS DRAWING MACHINE TYPE B 
18B ieee a wy 565 1.03 11.5 91.7 10 ‘ bh 
17B End poured .. ... 568 1.03 7.9 82.0 10 ia ‘. 
19B Scalped ..... 571 1.07 6.0 62.1 9 1 s 
20B Electrolytic ....... 566 1.06 6.6 41.5 5 2 3 he 
21B Electrolytic ....... 561 1.03 6.6 45.3 3 1 3 3 





copper to a minimum, with the result that the electrolytic 
copper has been very uniform in quality. The tabulation 
of a large number of tests of the leading brands of electro- 
lytic copper show an average purity of 99.930 per cent cop- 
per plus silver, and an average conductivity of 100.75 per 
cent I.A.CS. 

In 1932, the United States Metals Refining Co., a sub- 
sidiary of the American Metal Co., placed on the market a 
grade of copper known as OFHC oxygen-free high-con- 
ductivity copper. This material was developed to meet the 
demands of the transatlantic communication cable manu- 
facturers who required a copper wire that could be an- 
nealed in hydrogen without becoming brittle. As a result 
of this development, we now have five grades of wirebars 
on the American market: 


Fire refined Lake copper 
Electrolytic copper 

Scalped electrolytic copper 
End poured or VC electrolytic 
. Oxygen-free types. 
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Copper Wire from Wire Bars 


Exhaustive tests in various laboratories have shown that 
there is no appreciable difference in the tensile strength 
and elongation of wire manufactured from the five grades 
of wirebars. The Westinghouse Electric & Mfg. Co. has 
published results which indicate that the end poured 
oxygen-free copper has greater resistance to bending and 
torsional stresses. Table I gives typical results in testing 
0.102-in. diameter hard copper wire manufactured under 
identical conditions from four types of wirebars. 

In making the bend test, if the surface of the wire having 
the “set” (area of oxide concentration) is on the outside of 
the bend so that it is severely stressed, the wire will crack 
or “check.” If the wire is rotated 180 deg. so that the 


‘set’ is on the inside of the bend, there will be no cracking 
or checking of the outer surface of the wire. As shown 
in the publications of the American Smelting & Refining 
Co. and the American Metal Co., structural differences can 
be noted in the wires manufactured from scalped and end 
poured oxygen-free bars, when the material is examined 
under the microscope. The three types referred to above 
are readily identified by the absence of the areas of oxide 
concentration. 

Except in the case of vertical riser cables, where medium 
hard and hard wires are required, soft copper wires are 


universally used in the construction of power cables. Soft 
wire manufactured from the various types of wirebars shows 
no appreciable differences in physical properties. In fact 
most mechanical tests fail to identify the difference in soft 
wires and it is usually necessary to resort to microscopic 


examinations in order to determine the type of wircbar 
used in producing the soft conductors. In the case o! flat 
wire used in the construction of hollow conductor cables 
and for armature windings, the producers’ publications indi- 
cate that the scalped and end-poured oxygen-free bars pro- 
duce material which has greater resistance to edgewise bend- 
ing and twisting. 

During the past five years most American power cable 
manufacturers have discontinued the use of steel binder 
tape. In its place, non-magnetic copper, commercial bronze 
(90 copper, 10 zinc), and copper-silicon-manganese alloys 
(such as Everdur) have come into common use. The latter 
named alloys of the silicon bronze type are especially desit- 
able, due to the fact that they have a strength equal to that 
of mild steel. 


Lead for Sheathing Cable 


It was natural that electrical engineers should use lead 
as a protective covering for their insulated cables, inasmuch 





Table 11.—Composition and Physical Properties of Cable Sheath Materials* 


Lead Copper Tin 
I ale Bee on 55 0 06.0 oi8 99.85 havi 
Copper bearing or Chemical........... 99.85 0.06 es 
UU MN ois SR EE an os 0 'e 04 98.00 Fens 2.0 
Ra I SO So a og big tad e500 99.00 0.06 isis 
0.04% calcium alloy.............se008. 99.85 0.06 
0.07% tellurium alloy ................ 99.85 dene 

Cadmium 

DM is ps eS Ota eh dew ba ee chee ee 99.25 .25 vane 
IE os takes 6h eee Dae enk wees Haha ts 98.25 ae 1.5 


* Figures obtained from data published by various authors. 


10,000,000 
Tensile Elongation ycles 
Strength, in 2 in., Fat. Limit, 
Antimony lbs. per sq. in. per cent lbs. per sq. im. 
1900 50 400 
2300 40 600 
ited 3000 45 800 
0.85 Calcium 4200 10 1200 
ose 0.035 4000 30 1400 
Tellurium 2800 45 900 
0.07 

0.50 4200 15 1200 
paen 2800 30 900 
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After 1st cold draw. 


After 3rd cold draw. After final cold draw. 


Detail: of Structure at Top Edge of Standard Electrolytic Copper Bars and Wires in Various Stages of Manufacture. Mag- 
nification of each one its 100 X. 
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Surface checking of wire made from standard electrolytic copper. 





Wire made from scalped electrolytic copper. 


Same wire as shown at left wrapped with opposite surface exposed, 





Wire made from end poured electrolytic copper 


Typical Appearance of Wrap Specimens of 0.104-In. Hard Wire Made from Various Types of Electrolytic Copper Wire 
Bars. Magnification 5 X. 


as lead pipe had been in commercial use for generations. 
The age of the art of the production of lead pipe is readily 
illustrated by the finding of lead water pipes in the ruins of 
the early Egyptian cities. 

In 1844 Morse experimented with a four-conductor tele- 
gtaph cable for use between Washington and Baltimore. 
The conductors were No. 16 gage copper wire, insulated 
with cotton saturated with shellac. The cable was drawn 
into a close fitting lead pipe and then the lead was drawn 
down onto the insulated conductors by passing the as- 
sembly through rollers. 

J. W. Marsh reported in the Waring Cable Handbook 
the extrusion of lead sheath over insulated power cables 
during the year 1883. About 1890 the Norwich Wire Co. 
manufactured the first power cable insulated with narrow 
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paper strips, saturated in a rosin compound and covered 
with a lead sheath. During the past 50 years, the outer 
metallic covering of power cables has continued to con- 
sist mainly of commercial lead sheaths. 

In the communication field 3 per cent tin-lead alloy 
sheaths were standard with the American Telephone & 
Telegraph Co. from 1894 to 1913. One per cent antt- 
mony-lead alloy sheaths were adopted by the American Tel- 
ephone & Telegraph Co. in 1913 and have continued to be 
their standard for aerial service up to the present time. 

Two per cent tin-lead alloy and 1 per cent tin-lead alloy 
sheaths have been used on power cables which were sub- 
jected to vibration. These alloys having a higher fatigue 
limit are used successfully in places where commercial lead 
sheaths are destroyed rapidly due to fatigue cracks. Fail- 
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Structure in Critical Region of Old Cable Sheath. 


ures of this type have been practically eliminated by select- 
ing the alloy which will have a fatigue limit greater than 
the stress to which the cable sheath is to be subjected. 

In Great Britain ternary alloys have been used because 
of their higher strength and increased resistance to fatigue. 
These alloys contain cadmium and antimony, or cadmium 
and tin, alloyed with lead. Another British invention was 
the tellurium-lead alloy which has physical properties com- 
paring favorably with the very high fatigue resistance of 
the calcium-lead alloy recently developed by the Western 
Electric Co. This material has been used in experimental 
installations by the American Telephone & Telegraph Co. 

The composition and physical properties of some of the 
typical cable sheath materials are tabulated in Table II. 

The lead sheaths for power cables were manufactured 
by the same methods of extrusion which were developed 
for the production of lead plumbing material. In 1930 
various manufacturers started a scientific study of methods 
for the improvement of the quality of their lead cable 
sheaths. A systematic investigation of defects in cable 
sheaths was undertaken and methods developed for the 
preparation of lead and lead alloy cable sheath for micro- 
scopic «xamunation. 

It was found that irregularities in the structure of the 
lead could be eliminated by improved foundry practice. 
One of the first steps in improving the foundry conditions 
at the press was to recast the lead scrap into pigs and pre- 
vent oil soaked scrap, wood splinters, cement dust, etc., 
from being introduced into the lead melting kettle used in 
supplying the lead press. The second step in producing 
uniform sheath structures was improved pouring and skim- 
ming practices. 

The band test was developed to determine the uniformity 
of the structure of the metal. The drawbench test was 
developed as a means for testing the quality of the welds in 
lead sheaths. The longitudinal or radial welds were elim- 
inated by the Henley straight through press. Continuous 
presses which also eliminate the charge or circumferential 
welds are under development. 

The IPCEA Technical Report No. 1, issued October, 
1933, gives information regarding the various types of me- 
chanical tests for laboratory use, as well as the methods used 
for microscopic examination of lead structures. 

With the improved foundry practice it was discovered 
that the drawbench and bend tests would not always locate 
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Uniform Structure in Critical Region of Modern Cable 
Sheath. 


the minor defects and that it was necessary to first find the 
defect by- means of microscopic examination and then stress 
the sheath at the point containing the defect in order to 
rupture the sheath in the questionable area. 


This point is illustrated by Tables I and IV, and Plates 
17 and 29 of the Joint AEIC-IPCEA Technical Report No. 
2, issued September, 1936. 


A fundamental change in handling the molten lead at the 
lead press was the use of a pipe in place of an open trough 
and the skimming or gating of the Jead slug in the press. 
The additional steps which were added to the skimming and 
cropping method can be enumerated as follows: 


1. Bottom pouring of the charge. In this method a seamless 
pipe is inserted to the bottom of the cylinder. After 
the molten lead has filled the cylinder, the pipe is with- 
drawn immediately after pouring. 


N 


. Automatic mechanical cropping. This is accomplished 
either by a guillotine which is drawn across the top of 
the charge or by means of a truncated cone at the nose 
of the ram. 


3. The use of carbon dioxide as a protective atmosphere 
to prevent the formation of oxide on the lead. 


4. The electric arc method of melting the old charge before 
the new charge is added in order to float off the oxide 
from the old charge and effect the union of the two 
charges. 


5. The burning hydrogen method to protect the molten lead 
against oxidation. 


Lead Cable Sheath Failed by Vibration Fatigue. 
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6. The vacuum method to prevent the oxidation of the lead 
while being transferred from the melting kettle to the 


lead press. in the Joint AEIC-IPCEA Technical Report No. 2 are com. 


a lead sheath 1 per cent when subjected to various inter. 
mittent loads at 65 deg. C. Three of the samples described 


If there is an excess of foreign material or dross present 
on the surface of the lead, the foreign material will not be 
eliminated by the burning hydrogen, vacuum, or any other 
of the special methods. The success of these processes, 
therefore, depends on supplying the lead press with clean 


pared with tellurium-lead and calcium-lead alloy sheaths. 
In the past few years there has been a decided improve. 
ment in the quality of the zinc coating of steel armor wires 
Improved copper-rich alloy wires have also been developed 
which can be used when non-magnetic armor is required. 














Table I11.—Time for 2.73 in. O.D. Ring to Expand 1 Per Cent 


200 Ibs. 250 lbs. 300 Ibs. 400 lbs. 600 Ibs. 


per sq. in. per sq. in. per sq. in. per sq. in. per sq, in, 
Desilvered lead, 99.85% pure, IPCEA Sample No. 7..............++:. 486 days 196 days 43 days App.Sdaye 8 3~=—S—sCs 
Copper bearing desilverized lead, 99.85% pure, IPCEA Sample No. 6.. 282 days 186 days 93 days 13.5 days «ae 
ASi me Grade Ii lend, TPCRA Sample No. Ginccccccccccccssvcsccsces 261 days 189 days 123 days 43 days App. 6 days 
Cee a CIO ee otis 6 ce vcelnd uhadvoae eee Swaew are . 201 days 166 days 153 days 108 days 52 days 
0.035° CE 2k ee irs a bas o6 0. can cca kinelecsaGh es 258 days 219 days 186 days 138 days 84 days 
Note: Intermittent loading—8 hrs. on, 16 hrs. off. Measured with load released. 





material. As oxygen and lead oxide are not dissolved in 
lead, these materials can readily be separated from the lead. 
Therefore, by cropping the top of the lead in the cylinder, 
uniform structures can be obtained in the lead sheath. 

In 1935 the A.S.T.M. pig lead specifications were revised 
to increase the lead content of the common lead pigs and 
comply with the needs of power cable manufacturers. 

The work of Professor Moore at the University of II- 
linois has shown that the creep rates of various types of lead 
cross at a value between 300 and 400 Ibs. per sq. in., when 
the lead is subjected to a continuous load at 65 deg. C. 
Common lead shows superior results at. loads of 200 lbs. 
per sq. in., whereas calcium-lead shows superiority at loads 
of 400 Ibs. per sq. in., when the temperature is maintatned 
at 65 deg. C. Table III shows the days required to expand 
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A new type of cable sheath has been developed which 
consists of a laminated sheath made up of layers of copper 
tape which are bound together in a homogeneous mass by 
means of solder. 

Improvements in the art of welding and the uniform 
quality of steel pipes have aided in the commercial develop. 
ment of pressure type cables. The development of silicon 
bronze alloy pipes and the technique of welding them has 
made it possible to use this non-magnetic material when 
corrosive conditions require the installation of other than 
ferrous material. 

A review of the metals used in power cables indicates that 
the metal industry has succeeded in developing new ma- 
terials as they were required to meet improvements in the 
art of power cables. 





Editorial 


(Continued from page A 21) 


ness on single quench, too great depth hardening of the 
core, and distortion on double quench, though it was recog- 
nized that the case was wear-resistant, not liable to spalling, 
and that the rate of carburization was good. 

The conclusions of these workers were quoted or sum- 
marized in books appearing in '25, '27, and '32 and cul- 
minated in the pronouncement in the '36 A.S.M. Hand- 
book with the statement ‘The use of molybdenum steel 
containing chromium is not recommended, as this steel has 
an inherent tendency to distort in the carburizing opera- 
tion.” More expensive steels were resorted to. 

The Germans were not awed by the conclusions of the 
American carburizing experts, and by '35 had included in 
their carburizing steels one with the same chromium, higher 
manganese, and slightly lower molybdenum, which they 
found useful, the main precaution being to hold the car- 
burizing temperature down so as not to build up too high 
a carbon content in the case. 

In the United States some inquiring soul set out to re- 
examine the situation, cut the chromium and molybdenum 
a bit, chose a fine-grained steel, normalized it before car- 
burizing, and tried it on a single quench, all perfectly log- 
ical moves for increasing core toughness and avoiding dis- 
tortion. The results showed that the previous faults were 
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erased. Here, as in so many cases, appreciation of grain 
growth propensities made previous dogma untenal 

It isn’t safe to believe all the books tell us, nor what the 
experts conclude, when such comments don't line up with 
underlying principles. The experimental facts reported are 
usually correct for the particular conditions, but the gen- 
eralizations drawn from them may be much in error, Nor 
do repetitions make a half-truth into a whole truth. 

It wouldn’t be a bad idea to include a course in skepti- 
cism in the sophomore year of a metallurgical curtic 
ulum.—H. W. G. 


A Suggestion 


At one of the symposia recently presented at the conven- 
tion of a large technical society, several of the authors 
presented data as tables in the form of slides. In most cases 
the data were indistinct and impossible to grasp. Nor was 
the printed information readily available or, if it was, it had 
been handed to listeners as they entered the room and 
could not be satisfactorily examined in the limited time nor 
in the darkness. A nearby metallurgist suggested that st 
would be much better, whenever possible, if such data 
were shown as curves instead of as figures. There is much 
point in this remark. A chart can be much more quickly 
analyzed than a table of figures. We believe the suggestion 
is worth the serious consideration of authors and program 
committees.—E. F. C. 
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TRENDS IN PRODUCTION OF 


American Alloy Steels 


by Edwin F. Cone 


tion as to the statistics of the country’s production of 


T «: ARTICLE IS AN ATTEMPT to clarify the situa- 
alloy steel, of alloy steel castings and of total electric 


steel. Such a clarification seems necessary because the data 
of the American Iron and Steel Institute, excellent and 
reliable as they are, are incomplete. This is not due to 
any fault of the Institute. 


stated in an article in METALS AND ALLOoys for April 
‘roduction Data of the Steel Foundry Industry’’—the 


statistics of the American Iron and Steel Institute are com- 
pletc, or nearly so, as to steel ingots, but as to castings 
they are decidedly incomplete. It was there stated that this 
is due to the establishing by the New Deal of Codes of 
Fair Practice in 1933. From 1934 to date the only pro- 
duction data for steel castings collected by the Institute are 
those for ingot producing companies which produce cast- 


ings in their own foundries and these are not directly 


segregated. In the article just referred to, data for the 
stec! foundry industry were published through the co- 
operation of the Steel Founders Society of America of 
Cleveland. With the further cooperation of that organi- 
zation, it has been possible in this article to supplement 


the regular published data of the Steel Institute and to 
present at least a fairly reliable estimate of the country’s 
alloy steel production and thus to show the trend. 


Total Alloy Steel 


In Table 1 are presented the data for the production of 
the alloy steel ingots and castings in the United States in 
gross tons. To and including 1933, the Institute’s data 


AND OF ELECTRIC STEELS 


are largely only ingots, because the founding of the codes 
set up agencies for collecting foundry data which still exist 

as for example the S. F. S. A., the Alloy Casting Asso- 
ciation’ for corrosion and heat resisting castings and the 
Manganese Steel Founders’ Society. 

Therefore, the data for 1934, 1935 and 1936, as pub- 
lished by the Institute, have in Table 1 been modified by 
estimated additions of actual alloy steel casting production. 
It is estimated, on the advice of the S. F. S. A. that in 
1934, 1935 and 1936, the percentage of alloy steel castings 
of the total steel castings was approximately 13 to 15.8, 
14 to 17.2 and 15 to 18.6 per cent respectively. On this 
basis the American steel casting production in gross tons 
(see METALS AND ALLOys, April 1937, Table II, page 
113) would be as follows: 


Table 11.—American Steel Casting Production in Gross Tons’ 


Castings Alloy Alloy Per Cent 
"BBS Se ee 559,713 40,255 7.2 
Se i. 1,357,558 146,101 10.7 
i”. eS 1,583,040 192,920 12.2 
> Tao cata NS ae 1,104,215 126,128 11.5 
1931 ereoT. oe 516.579 89,903 17.4 
TO aces we = 7 216,760 41,044 18.8 
os ot Ao oe ole 338,061 71,783 21.2 
er oo Ae eee 425,000* 61,625 14.5 
OE <i. te bielaaeaate 417,600* 64,700 15.5 
Gee ss veebcceeeeel ‘ 812,500* 134,000 16.5 


* Steel Founders’ Data in Column 3 in Table I in gross tons. 


_1 This table, supplemented as indicated, is from the article on Produc 
tion Data of the American Steel Foundry Industry, in the April issue. 


In a similar manner Column 2 of Table 1 must neces- 
sarily be modified for 1934 to 1936. This is accomplished 
by adding, to the total steel production of the Institute, the 
steel casting production of the foundries of the country 
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Checking the Temperature of 

a Heat of Electric Alloy Steel 

As It Flows from the Furnace 

into the Ladle. An optical 

pyrometer is used, (Courtesy: 
Ford Motor Co.) 


steel casting output for the last three years, Table 3 is ob- 


tained: 
Table 3.—Total Electric Steel Output 
Electric 
Ingots Castings Total Total Steel Per Cent 
2096)... ks. ee 235.6001 939,800 48,442,000 1.94 
1935 . .. 521,818 171,200 ? 693,000 34,438,800 2.01 
1934 ' .. 349,095 136,000 485.000 26,417,600 1.83 
1933 . .... 299,808 121,395 421,203 23,232,347 1.81 
eae 419,039 951,431 56,433,473 1.68 
129% of 812,500. 241% of 417,600. *32% of 425,000. 


The data in Table 3 afford a satisfying and encouraging 
picture as to the progress and recovery of the electric steel 
industry. In 1936 and 1935 the total electric steel output 
advanced to 2 per cent of the total steel made,—a new high 
figure. In addition the 1936 total of over 939,800 gross 
tons was only a little under the record output in 951,431 
tons in 1929. Also to be noted is the large increase in 
electric steel ingots in 1936—704,213 tons—a new high. 
This probably reflects the larger demand for stainless steels. 


Summary 


Recapitulating the data here discussed, some of it natur- 
ally estimated but probably reliably so, the following facts 
stand out: 

The trend in American alloy steel production is steadily 
upward. 
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Total estimated alloy steel output in 1936 of about 
3,017,600 gross tons was the third largest on record. It 
was 6.23 per cent of the total steel production or close to 
record percentages. 

In electric alloy steel a new record was made in 1936 at 
617,000 tons (estimated). The increase in the last two years 
has been decided. For 1934, 1935 and 1936, the percentage 
of electric steel of the total alloy steel has been about 20.5 
per cent—a new high figure. 

All indications point to still greater expansion in 1937 
and coming years. 


A Protest 


Again the writer cannot let this opportunity pass to 
demur at least as to the basis on which alloy steel statistics 
are collected—namely, the definition of an alloy steel as 
laid down by the American Iron and Steel Institute. Un- 
doubtedly some present-day steels are alloy steels, according 
to metallurgists, which are not recognized by the Institute. 
If a more liberal and more accurate definition were the 
basis for the collection of data, it is probable the official 
data would make even a better showing for alloy steel 
production. With the growing use of the low-alloy, high 
electric steels and the low-copper steels, some of which are 
not now recognized, the volume of alloy steels would be 
even larger. 
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(395,000 net tons or 362,340 gross tons in 1934 and so 
on) for each year. 

Thus for example in 1936 there were produced 3,017,- 
600 gross tons of alloy steel which was 6.23 per cent of 
the total steel production of ingots and castings of 48,- 
442,030 tons. While 6.23 per cent of alloy steel of the 
total is not a high mark, it compares favorably with pre- 
vious years and at least shows that the alloy steel industry 
virtually held its own through the depression. 

The 1936 alloy steel production of 3,017,600 tons was 
the third largest, exceeded only in 1928 and 1929. 

Of interest also is the last column of Table 1, which 
shows the tons of total steel to 1 ton of alloy steel. Ac- 
cording to the revised estimated totals, there were 16.0 
tons of steel made in 1936 for each ton of alloy steel which 
is slightly in excess of the record in 1934 and 1935. These 
records have only been surpassed in the abnormal years of 
1929 and 1933. Only 27 years ago—in 1909—when the 
alloy steel industry was in its infancy,—131.6 tons of total 
steel was made to 1 ton of alloy steel. 





Electric Alloy Steel 


There is always keen interest in the electric steel in- 
dustry, both as to the electric alloy steel produced and as 
to the total electric steel made. 

In Table 2 an attempt is made to supplement the data 
of the American Iron and Steel Institute for 1934, 1935 
and 1936 by adding the estimated amount of electric alloy 


steel castings made by foundries which do not report to 
the Institute. It is reliably calculated that about two-thirds 
of the alloy steel castings is produced in electric furnaces. 

Thus, in 1936 there were produced 527,762 gross tons of 


electric steel ingots and castings as reported by the Insti- 


Large Propo:iion of Alloy Steel is Made in Open-Hearth Fur- 


nace (Courtesy: Climax Molybdenum Co.) 













a 
| 


fh ———— —— — T 

 —_* | 

. ay 4 . \ 
Mm i —— — 


af 




























Table 1.—Production of Alloy Steel Ingots and Castings in United 
States—Gross Tons. 


Tons of Total 


Total Per Cent Steel to 1 Ton 
Alloy Steel Total Steel Alloy Steel of Alloy Steel 
SE Baek ews 5 181,980 23,955,021 0.75 131.6 
| SNe 567,819 26,094,919 2.17 45.9 
eae 481,459 23,676,106 2.03 49,1 
oo) SP 792,501 31,251,303 2.53 39.4 
Se (aoe i 714,357 31,300,874 2.28 43.8 
(Aree 646,953 23,573,030 2.75 36.3 
Darn.) 06 ahve ee 1,021,147 32,151,036 3.17 31.4 
1916 1,362,615 42,773,680 3.18 31.3 
Ce ee ee ig 1,644,335 45,060,607 3.65 27.4 
ee 1,787,852 44,462,432 4.02 24.8 
ye OS ae 1,481,188 34,671,232 4.27 23.4 
[ae Apndeac 1,660,292 42,132,934 3.94 25.3 
bY | eS ie 859,548 19,783,797 4.10 24.3 
Ss Gowto o's 1,673,496 35,602,926 4.70 21.3 
See tip ks e's 2,106,489 44,943,696 4.70 21.3 
eee 2,026,409 37,931,939 5.35 18.7 
Saree 2,432,973 45,393,524 5.36 18.6 
1926 2,463,414 48,293,763 5.10 19.6 
ia 2,531,748 44,935,185 5.59 17.7 
Cee 3,214,909 51,544,180 6.23 16.0 
(co . ae 957,207 56,433,473 7.01 14.2 
Lo ia ae 2,443,311 40,699,483 6.00 16.7 
eee 1,455,913 25,945,501 5.61 7.8 
Lo: ae ee 798,604 13,681,162 5.84 17.1 
SUS “Mes wads 1,547,183 23,232,347 6.65 15.0 
ERR a oO 1,673,900 26,417,629 6.34 15.7 
Es sacha a 2,184,300 34,438,868 6.35 15.7 
Rese acters 3,017,600 48,442,030 6.23 16.0 


tute. To this then must be added 66 per cent of the 134,- 
000 tons of alloy steel castings (as described under alloy 
steels in the first part of this article) made in 1936 which 
brings the total electric alloy steel to 617,000 tons. Simi- 
larly for 1934 and 1935 the figures are 340,300 and 455,- 
700 tons respectively. 

From Table 2 it is interesting to note that the percentage 
of electric alloy steel of the total alloy steel produced 
reached the highest recorded figure during the last three 
years, 20.3, 20.8 and 20.4 per cent. This is due, in part at 
least, to the increased use of the high chromium and Cr-Ni 
steels, or stainless types. 


Total Electric Steel 


Substantial progress from the tonnage standpoint was 
made in 1936 in the electric steel industry. No actual data 
are published since 1933, as to the output of steel castings 
from electric furnaces. The S.F.S.A., however, estimates 
that in 1934 about 29 per cent of the total steel casting 
production was made in electric furnaces with 41 per cent 
in 1935 and 32 per cent in 1936. The American Iron and 
Steel Institute publishes the electric steel ingot production. 
Taking the latter and adding to it the estimated electric 


Table 2.—Production of Alloy Steels made in Electric Furnaces in 
United States—Gross Tons. 


Per Cent of 
Electric Total Electric Alloy Steel 
Alloy Steel of Total Alloy 
1909 ., ee ae ee 181,980 ee 
1910 . . 608 567,819 0.11 
Se a 481,459 a 
| Se : 9,619 792,501 1.21 
ar ; 11,264 714,357 1.57 
1914. 9,344 646.953 1.44 
are 27,944 1,021,147 2.73 
1916 ee 71,129 1,362,615 22 
hwae bwestac Raen 1,644,335 7.94 
1918. joss eres 1,787,852 16.26 
ee a ad. ee 1,481,188 12.26 
6 oes e5-cg' Se 1,660,292 14.7% 
USS 63,246 809,548 7.81 
wes OX 6 0d 125,419 1,673,496 7.49 
ke reer ; 194,976 2,106,489 9.25 
EO bak aa a ae dig 188,563 2,026,409 9.30 
Se Sewcew ese ae 2,432,973 12.00 
eS Sa 306,811 2,463,414 12.45 
RL: 8% a0 .. $43,517 2,531,748 13.57 
lt: -- 433,096 3,214,909 13.47 
SS vee 3,957,207 12.87 
Se , 300,520 2,443,311 12.51 
ee gies takake 232,113 1,455,913 15.94 
[eae wsvaene . 140,877 798,604 17.65 
See atessvin.s @aeee 1,547,183 19.11 
A ee 340,300 1,673,900 20.3 
PN. oa be caved 455,700 2,184,300 20.8 
abe uccsedu eee 3,017,600 20.4 
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AN EXPERIMENTAL STUDY OF 


Gases for Controlled Atmospheres 


IN THE HEAT TREATMENT OF STEEL 


(Concluded from June Issue) 


by —. E. Slowter and B. W. Gonser 


Chemical Engineer and Metallurgist, Respectively, 
Battelle Memorial Institute, Columbus, O. 


Carbon Monoxide-Nitrogen Mixtures Comparing Fig. 24 with Fig. 15, it can be seen that there 


Tor now to CO-N, mixtures, note Fig. 19, 1740 is a lesser slope in the curve for CO made slightly carburiz 
deg. | hrs. Figs. 7 and 8 should also be consulted to ing with CH, than that for H, similarly treated. Thus 
show | ffect of shorter times and lower temperatures. a dry 5-10 per cent CO, 0.1-0.2 per cent CH,, gas would 
As CO iluted down (even to pure N,) with N,, its mild avoid decarburization of carbon steels of al] carbon con- 
carbur » action on low carbon and mild decarburizing tents and would produce but very slight carburization on 
action igh carbon steels, is reduced, as illustrated in the low carbon steels. It appears to be close to the ideal 
Figs. 20, 21, 22, and 23. Five to 10 per cent CO has very gas for bright hardening and bright normalizing in the 
little ef and by addition of a trace of CH,, as Fig. 24 range of steels, times and temperatures tested. This need 


shows, very slight decarburizing action can be avoided. not necessarily be true for alloy steels, especially those high 


A Special Atmosphere, Continuous Chain Belt, Conveyor Type, Electric Furnace for Scale-Free Hardening Miscellaneous 
Sm d Medium Sized Parts and Products Continuously. (Courtesy: The Electric Furnace Co., Salem, Ohio.) 
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Fig. 18 (Left) Effect of Adding Natural Gas to a Moist Low Hydrogen-Nitrogen Atmosphere, High Carbon Steels at Gas 
Inlet. Specimens stained. Fig. 19 (Center) Action of 34 per cent Carbon Monoxide-Nitrogen Gas. This carbon monoxide 
content would be obtained by complete combustion to carbon monoxide of pure carbon in dry air. Fig. 20 (Right) 
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ig. 21 (Left) Action of a 10 per cent Carbon Monoxide-Nitrogen Atmosphere. 
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Fig. 24 (Left) Effect of Adding a Very Small Amount of Natural Gas to a 5 per cent Carbon Monoxide-Nitrogen _ 
phere. This gas fully accomplishes, for plain carbon steels, the vesult sought. Fig. 25 (Center) Effect of Adding ee 
gen to a High Carbon Monoxide Atmosphere. Fig. 26 (Right) Effect of Adding Hydrogen to a High Carbon Mono 


Atmos phere. 
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Electric Controlled Atmosphere, Brazing Furnace for Ferrous Parts. (Courtesy: Salem Engineering Co 


Salem, Ohio.) 


in Cr e CO oxidizes such steels, and in such cases H, 
with an amount of CH, adjusted to the carbon content of 
the st¢ ould be preferable. 

If | ilso present with CO, the carburizing and decar- 
burizi ndencies of CO are accentuated, as Figs. 25, 26, 
27, an show. This decarburizing tendency can be re- 
moved by CH, as in Fig. 29. While dry CO-H, mixtures 
are not so free from action as CO alone, they can be made 
neutral to any given carbon content of carbon steel. Such 
gases | be made from partly burned fuel gases by re- 
moving CO, and H,O. From the commercial point of 
view the production of dilute CO without H, is not simple. 
The high, 34 per cent CO, type of gas is more readily made. 

Like H,, CO is adversely affected by H,O. Fig. 30 
shows the behavior of wet CO. Note the carburization and 
decarburization. That wet CO is an active gas is also 
shown by the change in composition of the gases. The 
specimens were dark gray to black but not stained as from 
oxygen. Assuming uniform water absorption by the inlet 
gas, there was no water in the outlet gas during the period 
at temperature. It was completely used up in the furnace. 

The question then again arises, can moist CO be adjusted 
by addition of CH,? Comparison of Fig. 31 with Fig. 30 
shows that the addition of 1.7 per cent CH, to the wet CO 
practically eliminated carburization of low carbon steels, al- 
though a carburizing gas was added, and vastly increased 
decarburization. The comparison of the gases in and out 
shows that the CH, reacted with the H,O. The samples 
were dark gray. 

Less H,O and more CH, added to CO, as shown in Fig. 
32, reduced the decarburization of high carbon steels and 
Produced carburization of the low carbon steels. The gas 
changed as.shown. in the figures. The samples were blue- 
gray and were arranged with the high carbon steel at the 
8as inlet end. 
an 4 present in a CO-N, gas, the question arises, 

2 D€ removed, or can it be neutralized by addition 


of CH,? 


Figs. 33 and 34 show that CO, has a strong 


decarburizing action. When the CO/CO, ratio is high as 


This Controlled Atmosphere “Certain Curtain” Furnace 1s Intended 
for Operation at Temperatures up to 2000 deg. F. for Heat Treating 
Large Dies of High Carbon Chrome Steel, etc. (Courtesy: C. I. 


Hayes, Inc., Providence, R. I.) 
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Fig. 27 (Left) Effect of Adding Hydrogen to a Low Carbon Monoxide Atmosphere. Fig. 28 (Center) Effect of Adding 
Hydrogen to a low Carbon Monoxide Atmosphere. Fig. 29 (Right) Elimination of the Decarburizing Action of a Hydro- 
gen-Carbon Monixide Atmosphere by Addition of Natural Gas. 
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Fig. 30 (Left) Action of Moisture with a Low Carbon Monoxide Atos phere. Specimens darkened, Fig. 31 Center) 

Failure of a Slight Amount of Natural Gas to Overcome the Decarburizing Action of a Moist Low Carbon lonoxiae 

Atmosphere. Point for 1.04 per cent C is below the scale. Samples darkened. Fig. 32 (Right) Effect of Adding Natural 
Gas to a Moist Low Carbon Monoxide Atmosphere. Samples Darkened. 
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Fig. 33 (Left) Effect of a High CO/CO, ratio on Decarburization. Samples clean, Fig. 34 (Center) Effect of 4 low rie 
CO, ratio on Decarburization. Samples stained. Fig. 35 (Righ*) Effect of Adding a Slight Amount of Natural Gas to 4 
Carbon Monoxide-Carbon Dioxide Atmosphere. Samples stained. 
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the samples are fairly bright, but when low as in 
samples were all coated with a blue gray coat 


\creasing amounts of CH, were added to this low 
ras, as in Figs. 35, 36, and 37, decarburization 


voided but scale films were never completely 
id with the higher CH, contents there was a 
ney to precipitate carbon. The up-turn of the 


robably due to the reaction of the gases in flow- 
h the furnace and the consequent diminution of 


irizing effects. The effort to adjust this de- 
n by CH, produces reaction between CH, and 
wn by the changing gas compositions in Table 
pecimens were stained and soot was deposited. 


Table 1V.—Gas Reactions 


co CO2 CHs He 
In 5 3 1.2 . 
Out 7 2 0.7 1.3 
In 5 3.4 2.9 e 
Out 8.4 1.3 1.5 yO 
It . 3 3 4.5 $4 
Out 9.0 1.1 2.6 4.0 


Synthetic Commercial Gases 


We may now consider gases of the type made by partial 
combustion of fuel gases, with H,O removed, but with 


CO, left. 


These will consist of CO, CO,, H., and small 


amounts of CH,. 


Fig. 38 shows that these dry CH,-free gases are aecarbur- 
izing, but only mildly so to very low carbon steels. Re- 
membering that Fig. 38 shows the exaggerated results of 
long time and high temperature, it is seen that these gases 
Will serve for bright annealing of low carbon steels, but not 
for bright hardening of high carbon steels. As Figs. 39, 
40, and 41 show, the trouble can not be avoided by raising 
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{ Cylindrical Bell Type Furnaces for Bright Annealing Steel Strip in Coil 
Electric & Mfg. Co., East Pittsburgh, Pa. 
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(Courtesy: Westinghouse 





the CH, if the CO, is kept around 5 per cent in the exit 
gas. Slight staining was encountered in these runs. If, 
however, the CO, is held low in the entrance gas, and the 
CH,, CO, and H, contents are relatively high, this de- 
carburization of high carbon steels can be reduced very ma- 
terially, though at the expense ot severe carburization of 
low carbon steels. This will be pointed out in later graphs 
on other synthetic commercial gases. 


Produced Atmospheres 


Attempted purification that does not remove all the CO, 
still leaves an active gas. This indicates that the gas should 
be purged of all its reactive components by allowing it to 
react with iron or steel before reaching the work, or treated 
in some other manner which will remove the reactive com- 
ponents. Now, as the gas analyses on Figs. 33 to 42 show, 
CO, in a gas mixture containing H, or CH,, leads to a re- 
active gas, decarburizing to high carbon steels. By passing 
the partly burnt gas over iron in order to induce the re- 
actions that would otherwise take place in contact with the 
work, and then leading it to the work, therefore, the evil 
effect of a reactive gas would be minimized. Such a 
treated gas should be decarburizing only from the accel- 
erating effect of H,O (produced by interaction of any CO, 
not removed, with H, or CH,) on the action of the H, 
present. With drying, the behavior of the purified gas 
should approach that of a 9 CO, 10H, gas, (Fig. 28). An 
approach to this is shown in Fig. 42 where the samples were 
lightly oxidized. Fig. 43 represents a similar run, in which 
the dried combusted gases were passed over hot iron but 
without drying thereafter. The samples were bright but 
highly decarburized from the residual CO, and probably 
from H,O formed by the reaction between CO, and CH,. 
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Fig. 36 (Left) Effect of Adding an Amount of Natural Gas to a Low Carbon 
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Monoxide-Carbon Dioxide Atmos phere. 


Sam ples stained. Fig. 37 (Center) Effect of Adding a Larger Amount of Natural Gas to a Low Carbon Monoxide-Carbon 


Dioxide Atmosphere. Samples stained. Fig. 38 (Right) Decarburization of Medium and High Carbon Steels by 
Methane Free, Synthetic Commercial Atmosphere. 
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Fig. 39 (Left) Effect of Adding a Slight Amount of Natural Gas to a Dry Synthetic Commercial Atmosphere. 
slightly stained. Fig 40 (Center) Effect of Adding an Amount of Natural Gas to a Dry Synthetic Commercial Atm 
Sam ples slightly stained. Fig. 41 (Right) Effect of Adding a Larger Amount of Natural Gas to a Dry Synthei 
Commercial Reactive Atmosphere. 
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Fig. 42 (Left) Action of a Partly Burned . 
tion of Carbon Dioxide, Then Dried. Samples very slightly stained. Fig. 43 (Center) Action 
Gas Which Had Been Passed Over Hot Electrolytic Iron; Dried Before but Not After Iron 
badly decarburized. Fig. 44 (Right) Action of a Partly Burned Natural Gas 

and Passed Over Soda Lime for Carbon Dioxide Removal, Samples bright. 
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Natural Gas Which Had Been Passed Over Hot Electrolytic Iron 
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Referring back to Fig. 29, however, it is seen that if all 
CO, and a// H,O are removed from partly burnt fuel gases, 
leaving only CO and H, with small amounts of unburnt 
CH,, a further addition of CH, (or other hydrocarbon, e.g., 
bubbling the gas through benzol, C,H,) can be made to 
neutralize the decarbutizing tendency. However different 
carburizing additions will have to be made to accommodate 
steelscof different carbon contents. For instance, Fig. 44 
shows results obtained with a dried, partly burned gas when 
the CO, was removed by soda-lime. The samples were 
bright and the gas did not react within itself. Fig. 45 
shows a similar gas in which the CO, was eliminated by 
passage of the gas over hot carbon. Similar results were 
obtained. Such purified gases carrying CO as well as H, 
are in much the same position as straight H,:N, mixtures; 
the CO is relatively neutral. Choice between H,:N, and 
CO:H.:N, will depend on the cost and certainty of purifi- 
cation of the latter gas made from the partly burnt fuel 
gases. 

If preferential oxidation of H, could be accomplished by 
some catalyst to effect its complete removal yet leave some 
unburned CO, the resultant gas, freed from H,O and CO,, 
would be preferable to the CO:H, combination. Unfor- 
tunately, known catalysts work the other way as they favor 
burnine of more CO and less H,. 

Of the gases studied, the most universally useful at- 
mosp! appears to be a 5 to 10 per cent CO, balance N, A Controlled Atmosphere Furnace for Heat Treating Steels. (Cour- 
gas, fre. from O,, CO, or H,O, but perhaps with slight tesy: Mahr Mfg. Co., Minneapolis, Minn.) 
addition of CHy,, if such a gas can be made cheaply enough 
to be ictical. If absolutely oxygen-free N, could be has combined with the iron. The oxygen in the moisture 
made iply enough, and if in its use, all infiltered air of the incoming air has reacted, freeing a corresponding 
could b. kept out, it would, of course, be a very satisfactory amount of H,. Gas of this type is produced about the 











protecti'« gas (c.f. Fig. 23) applicable to all carbon and steel when steel is packed in pots or tubes with plenty of 


alloy st.\s. The cost of cylinder N, and the necessity for cast iron chips. The oxygen of the air and of the moisture 
having « little combustible gas to take care of traces of in- initially present are chiefly converted to iron oxide, while a 
filtered 11, lead away from such a choice. part forms CO. Moisture is decomposed and H, freed. 

The « i:ve for 1.2 CO, 0.3 Hy, Fig. 46, is of considerable Packing in cast iron chips is an acceptable means of pro- 
interest. A very minute addition of CH, or other hydro- tection of steel surfaces in batch heating of small lots. 
carbon should remove the very slight tendency toward example, Fig. 47 shows the behavior of an atmosphere made 
decarburization. This gas was produced by passing air by passing air over hot cast iron borings, and a drying train 
over heated iron, plus a little carbon. All reactive oxygen which included soda-lime. The samples were bright and 


For 


A Pus) Type Tray Furnace for Annealing Castings in a Protective Atmos phere. (Courtesy: General Electric Co. 


Schenectady, N. Y.) 
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Fig. 45 (Left) Action of a Partly Burned Natural Gas Which Had Been Dried and Passed Over Hot Carbon for Carbon 

Dioxide Removal. Samples bright. Fig. 46 (Center) Action of an Atmosphere Produced by Passing Air Over Hot Iron, 

Plus a Little Carbon. The H, comes from the moisture in the air. Samples bright. Fig. 47 (Right) Action of an Atm 05 phere 

Produced by Passing Air Over Hot Cast Iron Borings, Drying the Resultant Gas and Removing any Traces of Carbon 
Dioxide Present with Soda Lime. Samples bright. 
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Fig. 48 (Left) Action of an Atmosphere Produced by Passing Air Over Regenerated Cast Iron Borings. Sam pi slightl) 

stained. Fig 49 (Center) Action of a Partially Burned Natural Gas Atmosphere Which Has Had No Motsture Removed 

Short Time of Treatment. Samples scaled, 0.45 per cent C. and higher carbon steels decarburized, loss of weight over: 

shadowed by scaling. Fig. 50 (Right) Action of a Partially Burned Natural Gas Atmos phere W hich Has Had No Moistute 
Removed; Long Time of Treatment. Samples somewhat scaled. 
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Fig. 51 (Left) Effect of Using a Synthetic Commercial Atmos phere for a Short Time at a Comparatively Low Ton 

Samples stained. Fig, 52 (Center) Effect of Using a Synthetic Commercial Atmosphere for a Long Time at 1742 deg. ; 

Low carbon samples strongly carburized. Samples stained. Fig. 53 (Right) Effect of Using a Synthetic Atmosphere for 4 
Hour at 1472 deg. F. Samples slightly stained. 
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A the results appear quite favorable. The generation of a temperatures and on the low carbon steels normally met in 
similar gas outside the furnace and the cyclic regeneration bright annealing, almost any of the gas mixtures reported 
of the :ron oxide is worth considering. This was tried ex- above might serve. With the higher carbons and higher 
perimentally and the product gas was found to be rather temperatures of bright hardening, severe decarburization 

» high in CO as shown in Fig. 48. This CO probably came ensues when appreciable amounts of CO, or H,O are pres- 
from the iron carbide which was formed during the reduc- ent. For this reason, in bright hardening it is customary 

= ing cycle and from deposited carbon. The samples were either to use a definitely carburizing atmosphere or one 
slightly stained in this run, possibly from the CO, resulting quite strongly oxidizing, since decarburization seldom ac- 
from the CO:CO, equilibrium at the temperature used. companies the latter. Attempts to reduce scaling by in- 
Copper or other metal that will combine readily with oxy- creasing the CO and H, in a fuel gas atrnosphere by raising 
gen mig!it prove better than iron. the ratio of fuel to air, to make the gas less oxidizing with- 

—. Bright Hardening More Difficult out removing the CO, and H,0, involve grave danger of 

= severe decarburization. In particular, the effort to form a 
ry Than Bright Annealing controlled atmosphere within a furnace muffle by burning 
ae It is plain that the problem of bright hardening is much fuel gas and air within the muffle, with the production of 

6 more d lt than that of bright annealing. At the lower 10 to 20 per cent H,O vapor, seems to involve great danger 
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An Atmospherically Controlled Furnace for Normal 
Hardening Temperatures. (Courtesy: American Electric 
Furnace Co., Boston.) 


of serious decarburization without complete avoidance of 
scaling. As Figs. 49 and 50 show with an air-gas ratio of 
4.3 to 1, decarburization may be largely avoided by treat- 
ment for a shorter time and comparatively low temperature 
but at the expense of a thin gray coat or scale and carbon 
deposition on the samples. The weight gain shown in Fig. 
49 is due to scale—a microscopic examination showed slight 
decarburization on the steel of 0.45 per cent C or above. At 
higher temperatures and longer times decarburization be- 
comes very severe and the samples become coated. In these 
runs, the H,O content is stated as percentage of the total gas 
volume while the other constituents are reported on a 
water-free basis. Making the controlled atmosphere in a 
separate combustion chamber and freeing it from moisture 
before passing it to the furnace are becoming standard prac- 
tice, for obvious reasons. 

The behavior of synthetic mixtures, corresponding to 
some present day commercial types of furnace atmospheres 
is shown in Figs. 51, 52, and 53. There was some stain- 
ing in these runs but they do show the type of gas needed 
for the higher carbon steels. Methanol has received some 
attention, but, as Figs. 54 and 55 show, this atmosphere 
tends to be decarburizing. In addition the treated samples 
in these runs were somewhat fogged in appearance in spite 
of rapid cooling. 

“Dry-gas” production by passing air over hot coke or 
charcoal appears to be another possibility for obtaining a 
practical commercial atmosphere. Some work has been 
carried on with these atmospheres at Battelle and has indi- 
cated some of the pitfalls which may occur. Fig. 56 shows 
the results of a trial on one gas direct from the producer, 
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in which the samples were oxidized and decarburized 
When, however, this same type of gas was dried anid passeq 
over KOH, the severe decarburization was immediate] 
checked though a little oxidation of the surface still o¢. 
curred, as shown in Fig. 57. Fig. 58 illustrates the action 
of a producer gas, originally fairly low in CO, which was 
passed over KOH, dryers, hot copper and hot carbon. In 
this case the samples were bright, though decarburized. Jp 
spite of the careful purification, the gas was not as inert 
as those of Figs. 20 and 21 where the CO was chemically 
produced. The addition of methane to the type of gas, 
described in Fig. 58, makes the gas less decarburizing as 
shown in Fig. 59. These samples were quickly cooled and 
were bright. 


CONCLUSIONS 


The primary conclusion from these experiments is that 
for bright hardening of medium and high carbon steels 
without producing scale or decarburization, both CO, and 
H,O must be avoided. This could be done either by mak- 
ing a gas that does not contain them originally or by re. 
moving them by suitable purification. 

The CO-N, gases, from which CO, and H,O are ex- 
cluded, are suitable for a wide range of carbon steels and 
presumably for many alloy steels save those high in Cr. 
Of particular importance as a gas for practically steels 
is N., or similar inert gas, containing only a few per cent 
CO which is added to assure against oxidation from infil- 
tered air or gases carried by the work. CO is rclatively 
inactive to carbon steels. Its slight action is reduce. by di- 
lution with nitrogen. If more than a trace of infiltcred air 
must be combatted, more than 5 or 10 per cent (O may 
be necessary to prevent staining. A very slight «ddition 
of CH, may be used to overcome any tendency toward de- 
carburization. 

Moisture free H,-N, gases, with or without CO but free 
from CO,, may be used in bright hardening. \\ hile H, 
has a decarburizing effect, this can be counterbalanced and 
the gas made neutral by addition of CH, or other hydro- 
carbon. This addition must be regulated to fit the car- 
bon content of the steel. As witn CO, dilute H, such asa 
5 or 10 per cent H,-N, mixture is far less active than a gas 
high in H, and is much to be preferred. 

The oxygen in CO, and in H,O tends to be reactive with 
iron, while that in CO is relatively inactive. The task of 
adjusting a controlled atmosphere by addition of CH, to 
render it inactive is easiest when it contains (besides N,) 
only CO; next easiest with H,. Adjustment is possible 
with both CO and H, present but is very difficult and in 
many cases impossible when H,O or CO,, or both, are pres- 
ent. 

Definitely carburizing gases, such as the cracked fuel gas 
or cracked oil used in gas carburizing, are suitable for some 
classes of work where some surface carburization may be 
permitted. The use of mildly carburizing gases, adjusted 
to give a very thin carburized surface skin, is practical for 
transmission gears, as an example. 


Commercial gases which contain appreciable amounts 
of CO, are permissible for use on low carbon steels, but 
are not satisfactory for bright hardening of medium and 
high carbon steels. These gases are not readily adjusted 
by addition of CH, or by decreasing the ratio of air to ga 
in partial combustion in order to leave unburned CHy 
Either H, or CH, will react with CO, in the furnace to 
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produce H,O with all its accelerating effect upon decarbur- 
ization and its tendency to discolor the work. 


It is possible that commercial atmospheres containing 
some CO, or H,O may be made usable for bright hardening 
by adjustment with CH, when short time intervals and com- 
paratively low temperatures are involved, but the reactivity 
of such gases may still make their use inapplicable because 
of attack upon resistors and furnace parts. While the cheap- 
ness of protective atmospheres derived from fuel gases 
is in their favor when the conditions of treatment are such 
that elaborate chemical purification is unnecessary, for good 
bright hardening work considerable expensive purification 
is indicated as being necessary. The problem of produc- 
tion of such atmospheres is consequently still an open one 


in which investigators may well look for alternative raw 
materials and methods of gas production. What may ap- 
pear to be a costly gas may in the end prove more practical 
than a cheaply produced partly burned fuel gas, after con- 
sidering the purification equipment necessary, the effect on 
furnace parts, on electric resistors and the sensitivity of the 
gas to a change in the character of the work. 

In this report the initial phase of the general investiga- 
tion on atmospheres for bright hardening has been covered, 
that is, information on the types of gases that will serve 
for use with plain carbon steels of any carbon content. Re- 
maining phases now in progress cover the effect of the most 
promising gases found to date on various alloy steels and 
the effect upon resistors and furnace parts of the gases 
found most suitable for a wide range of steels. 
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A LETTER TO THE EDITOR 


Titanium in Pearlitic Mn Steels 


To the Ec‘tor: 1 should like to comment on the article by Mr. 
Comstock in the May issue of METALS AND ALLOoys entitled 
“Titanium Improves Pearlitic Manganese Steels’’ and also on the 


note that Dr. Gillett has added. 

It is not new to add to carbon or medium-manganese cast steels 
amounts of ferrotitanium corresponding to the one noted in this 
article. A number of foundries in the United States have for a 
long time been using additions of 5 to 7 Ibs. per ton. The facts, 
therefore, seem to be that similar tests or observations have not 
been made before, although similar steels have been made. 


A CHUCKLE 


The Weather and Watch Springs 


ftom the Columbus Citizen, June 4—Under the heading 
Blame Weather for Watch Springs That Break,” appeared 
the following: 

Watch repairmen in Columbus had a booming business 
today as customer after customer appeared with watches that 
were stopped, the mainsprings broken. 

What is the cause? Not an earthquake. Nor can rough 
usage be blamed in most cases, according to watch repair- 
men. It is just the weather. 

There are always a lot of broken mainsprings after 
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The comment with regard to sulphur content and its influence 
upon the properties calls for further confirmation, as tests with 
which the writer is familiar indicate that more than 0.050 per 
cent S may be present without materially influencing the properties 
obtained. 

For the heat treatment mentioned, the impact value of steel No. 
3 in Table 1 is unusually high. The writer has made many tests 
of this composition, and finds the values under these conditions 
of heat treatment to be in the range of 25 to 40. 


JEROME STRAUSS. 


Vice President. 
Vanadium Corp. of America 
sridgeville, Pa. 


sudden changes in temperature,” said D. M. Knox of 
Schilling & Knox, jewelers at 3294 N. High St. ‘During 
lightning and thunderstorms, even more mainsprings go to 
pieces.” 

“Watch manufacturers say these weather conditions cause 
the steel in mainsprings to crystallize,’ explained Arthur 
Schmitz, watch repairman at Harrington Co., Jewelers at 
84 N. High St. (Italics ours.) 

The garage mechanic’s terminology has been adopted by the 
jewelers. We doubt if the watchmakers themselves use this 
phraseology. Corrosion-fatigue ought to be at least as mouth- 
filling as ‘‘crystallization.” (From R. E. Christin.)—H.W.G. 
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Wear of Metallic Surfaces 


by —.E. LeVan 


Haynes Stellite Co., 
Kokoma, Ind. 


LTHOUGH IT IS GENERALLY ADMITTED that the 
loss from the corrosion of metal amounts to many mil- 
lions of dollars annually, few estimates are ever made 

of the annual loss caused by the wearing out of metallic 
parts. It is difficult to venture such an estimate but, from 
every indication, the loss is very considerable. Evidences 
of the staggering cost for the replacement of wearing parts 
confront us every day. 

The necessity for overhauling one’s automobile engine 
and grinding the valves, is obvious to everyone. More re- 
mote to many, but still very real to plant managers, super- 
intendents, and foremen is the necessity for reconditioning 
industrial equipment. For instance, in the excavating and 
mining industries, dipper bucket teeth, chain sprockets and 
links, and tractor treads are but a few representative parts 
which require frequent attention. The wear of dies, cams, 
shear blades, and rolling mill parts creates an ever-present 
problem in steel mills. Even the farmer's plowshares, 
cultivator sweeps and harvesting equipment are a constant 
source of worry and expense. 


Definitions of Wear 


A few years ago, an editorial’ in one of the leading 
metallurgical journals carried a statement to the effect that 


the most embarrassing question a metallurgist could be 
asked was how a given alloy would respond in service in- 
volving repeated alternation of stress, wear and corrosion, 
at high temperatures. The editorial continued, ‘We prob- 
ably know less about the mechanism of wear, or how to test 
the wear resistance of a metal than we do about any other 
kind of severe service.’” The statement is undoubtedly still 
true. 

The mechanism of wear involves such a large number of 
interdependent factors that single isolated tests can rarely 
approximate service conditions. Many devices for deter- 
mining the wear of metals have been designed and used, 
but it is usually admitted by the designers that the results 
of these specific tests show only the resistance of the metal 
under test to the limited wearing conditions imposc« by the 
testing machine. 

Wear has been defined by L. Jordan’, formerly with the 
U. S. Bureau of Standards, but now assistant secretary of 
the A.I.M. and M.E., New York, to be “the unintentional 
removal in service of the surface of a metal, through the ac- 
tion of frictional forces.’’ Wear was thus distinguished 
from grinding, polishing, lapping, or “wearing in, in that 
all these latter involve intentional removal of the metallic 
surface. 


Fig. 1—Dipper Buckets, Such as These, Fabricated from Manganese Steel, Last Far Longer than Those of Plain Cari 























Vine Drag Scrapers Wear Rapidly Unless Protected by Special Alloys. Note the welded-on bead of a chromium- 


manganese-iron hard-facing alloy. 


Fig, 2 
Mr. lan goes on to say that there are at least three 
common’, recognized types of wear: Wear by abrasion, by 


erosion, ind by galling. These three types of wear are 
defined in this way: 


iv by abrasion involves the mechanical distor- 


ti f the suface layers of the metal, followed by the 
removal of the distorted layers by frictional forces. 
Such forces are generally restricted to those developed 


between the wearing metal and solids. 

aring by erosion probably involves an altera- 
tion of the surface layers of the metal by chemical 
attack, followed by the removal of metal or of the 
products of chemical reactions by frictional forces. 
Such forces are restricted to those developed between 
the wearing metal and flowing gases, liquids or 
vapors, 

Wear by galling involves the adhesion or cohesion 
of localized areas of two bearing surfaces of metal, 
followed by the tearing out of small fragments from 
the one surface or the other, as relative motion be- 
tween the two bearing surfaces continues or is 
initiated. 


_In each of these three types of wear there are two stages: 
First, some sort of mechanical or chemical modification of 
the metal surface; and second, the actual removal of ma- 
tetial from the wearing surface. 

Most wear probably results from a combination ot two 
of, pethaps, all three of these types, rather than from only 
4 single one. Thus, pure abrasion may be exemplified by 
the initial rapid wear of two finish ground metal surfaces 
which are actually relatively rough if viewed through a 
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microscope. After the intial ‘‘wearing-in,” in which the 
abrasion produces surfaces free from the irregularities of 
machining, wear may continue at the same, or a slower or 
faster rate, by combined erosion and abrasion. 

When there is occasion to speak of the wearing away of 
a metal by jets of steam or other fluids which are relatively 
free of solid particles, or of the ‘‘cutting”’ or “wire-draw- 
ing’ of valves and valve seats by flowing liquids or gases, 
there is little hesitation in calling the resulting wearing 
action “erosion.” The erosion of metal is very similar to 
the erosion that takes place in the forming of a river bed. 

When surfaces, such as those of steel poppet valve heads 
and seats, are roughened after periods of use involving al- 
ternate contacts under pressure, followed by separation, 
small particles sometimes appear to have been picked out 
of one surface and rather firmly attached to the other sur- 
face. This is the type of wear which is generally known 
as “‘galling.”’ 


Hardness and Toughness as Factors 


General considerations lead one to believe that both 
hardness and toughness have undoubtedly an important 
influence on the relative rate of wear under certain con- 
ditions. Extreme hardness is indication of the great re- 
sistance of the material against penetration, tearing, or the 
dislocation of surface particles, as manifested by the slight 
impression made by a steel ball or a diamond point under 
high pressure—such as the testing point of a hardness 
measuring machine. On the other hand, toughness has a 
tendency to reduce wear by making the separation of 
particles more difficult. Hardness may be conditionally 
taken as an index of resistance to wear by abrasion, and 
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coughness an indication of resistance to wear by galling. 
As a tule, however, resistance to wear does not depend 
alone on the strength of the material or its hardness as de- 
termined by one of the commonly used methods. De- 
termination of hardness alone, especially at ordinary tem- 
peratures, is not sufficient to disclose the resistance of the 
material against wear. 


Constitution and 
Homogeneity Are Factors 

Some of the other factors which have a definite, essential 
influence on wear are the metallographic constitution and 
homogeneity of the material, and, of course, the pressure, 
speed, coefficient of friction, lubrication and initial smooth- 
ness of the wearing surfaces. Probably the commonest 
cause of wear is rolling or sliding friction without sufficient 
lubrication. 





Fig. 3—A Typical Valve Seat Insert Hard-faced with 
Cobalt-chromium-tungsten Alloy. 


With these factors in mind, N. N. Sawin devised an in- 
strument for measuring the rate of wear of gages and tools. 
The instrument consists of a revolving tungsten carbide disk 
pressed directly against the work which is to be tested. 
This type of test involves only wear caused by direct rub- 
bing or abrasion. It gives no direct index of a metal’s re- 
sistance to either galling or erosion. 


Results with Sawin’s Apparatus 


Sawin found that most metallic materials, used by merit 
of their hard surfaces, should be divided into four classes: 
I. The heavy metal carbides, such as tungsten, tantalum 
and molybdenum. 
II. Hard non-ferrous alloys as, for instance, Haynes 
Stellite. 
III. Hardened alloy steel, such as tool steel. 
IV. Hardened plain carbon or case hardened steel. 
For these groups, the ratio of wear in terms of the 
amount of metal removed in a given time can be expressed 
by the following mean values: I : II : II: I1V=1 : 15 
25 : 40. 
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Fig. 4.—Note the Relative Wear of Material on this Stee] 
Plowshare; Protected by a Non-ferrous Alloy Only in S pots, 
it Plowed 15 Acres of Sandy Missouri Soil, 

Thus, gages surfaced with tungsten carbide wore only 
1/25th as fast as tool steel gages subjected to a standard 
heat treatment. 

Practical tests have also proved the verity of such a clas 
sification of materials according to their abrasion resistance, 
In the experience of oil well drillers this has been ye 
evident. A little over 10 yrs. ago, when hardened tool steel 
bits were in use, 84 shop dressed and tempered fishtail bits 
were required to complete a well. The introduction of bits 
hard-faced with the non-ferrous alloy, described in Class I] 
above, resulted in cutting this requirement to 44 bits; today, 
wells are drilled through the same formation, to the same 
depth with only 14 bits which are hard-set and }).rd-faced 
with inserts and crushed particles of tungsten carbide. Al- 


though the wear-resistance ratios in practice are exactly 
the same as those determined by laboratory tests, t!\< general 
order of magnitude is the same. The ratios of ‘he wear 
resistance determined by the test method are no: definite 


Fig. 5.—A Hard-faced Bottom Die for Stan ing and 
Forming Grease Cans. These Dies Last Four T1 Longer 
Than Those of Former Materials. 
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Fig. 6. With Cast Inserts of Tungsten Carbide Embedded 

in it, Similar Material Crushed and Welded on to its 

Surface his Oil Well Bit Drilled an Average of 50 ft. per 
hr. for 60 hrs. Continuously, 


enough, as yet, to insure that this property in a metal, as 
predeter nined by laboratory tests, will evidence its true 
economy in an actual, practical case. 

The matter of predetermining the most suitable metal 
for a certain type of use is probably the most important 
result to be attained from machines designed to measure 
wear resistance. Such machines are a valuable aid to the 
engineer, but actual performance tests are always required 


to prove any particular choice of metal for a specific appli- 
cation, 


Valves and Valve Seats for Autos 


A case of general interest is the recent improvement in 
automotive valves and valve seats. A wear-resistant metal 
was needed to provide automobile owners with valves which 
would seldom or never require regrinding. 

Let us first list the properties which are required in a 
metal to fulfill this requirement. The metal primarily must 
hot scale or oxidize under the heat of the exhaust gases. 
Neither should it soften appreciably at the working tem- 
perature. Moreover, it must be strong, smooth, unattacked 
by the chemical action of the corrosive products of com- 
bustion of treated gasolines. It must neither pit nor pick 
up hot carbon particles which may be loosened, at the time 
of combustion, from the cylinder walls or head. And, in 


order to minimize galling, the seating surface should have a 
low coefficient of friction. 
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It was a large order, to be sure, but with the wide selec- 
tion of metals, provided by modern metallurgical engineers, 
little trouble was had. Probably the first directional hint 
given by the list of required properties was that of strength, 
hardness and toughness under heat. The lower melting 
point metals were soon eliminated. The plain carbon steels 
begin to soften at the required temperature of about 800 
deg. C. The higher alloy steels seemed to be almost what 
was desired, but proceeding down the list of wear-resistant 
materials still further, it was found that certain non-ferrous 
alloys proved to be even more suitable. 


A Co-Cr-W Alloy for Facing 


One of these, an alloy of cobalt, chromium and tungsten, 
has now been very successfully used for several years in 
heavy-duty engines as a valve seating surface material by 
manufacturers of buses and trucks. Recently, after proof 
of the good service of this alloy by many bus and truck 
lines, several large taxicab companies have standardized on 
“hard-faced” valve seat inserts. The operation of “hard- 
facing” is done by applying the alloy by the oxy-acetylene 
welding process to the seating surface. 

Probably the most remarkable property of this non-fer- 
rous alloy is the fact that it is not only very hard at tem- 
peratures approaching red heat, but it is actually even 
tougher at those temperatures than it is when cold. It is 
for this reason that the use of this material as a “hard- 
facing’’ on metal surfaces for protection from wear has be- 
come a standard practice in many industries. 

As Sawin says, “many investigators have found that, only 
when materials of equal chemical analysis and identical heat 
treatment are compared, may hardness be considered as a 
sign of resistance to wear.” He goes on to say that it is not 
possible to judge the relative resistance to wear of essentially 
different materials by comparing their hardness numbers. 
However, more and more is there a feeling that any ma- 
terial’s resistance to wear may be effectively evaluated by a 
study of the hardness of the material at the actual working 
surface temperature. 

The slightest amount of friction causes heat. In the 
case of iron-base alloys, heat may cause an actual change in 
the metallographic structure of the material. The iron may 
partially dissolve the hardening constituents in the surface 
layers of the metal. If this happens, the softer surface 
metal will easily wear away. This condition is undoubtedly 
one of the major factors involved in wear caused by sliding 
friction. On the other hand, hard non-ferrous alloys, not 
being subject to this solvent action of iron, retain the same 
metallographic structure during the entire temperature range 
below their melting points. As might be expected, their 
wear resistance is practically as great even at high red heat 
as it is when the alloys are cold. Although softer when 
cold than hardened high carbon steel is at room tempera- 
ture, the cobalt-chromium-tungsten alloys are much harder 
at higher temperatures, since the heat materially reduces the 
hardness of the steel, while the hardness of the non-ferrous 
alloys remains practically constant. 

With these facts in mind, it is quite possible that the 
wear resistance of a metal against abrasive action is directly 
proportional to the hardness of the metal at the tempera- 
ture to which friction raises the working surface. 
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‘The Alloys of Iron and Carbon’ 


by 0. W. Ellis 


A Book Review—Plus the Reviewer’s 
Comments on Some Moot Points 


Director Dept. of Engineering and Metallurgy, Ontario Research Foundation, 


Toronto, Canada. 


HE LATEST ADDITION to the series of monographs, written 
| under the direction of the Iron Alloys Committee of the En- 
gineering Foundation, is a contribution by Battelle Memorial 
Institute, prepared by Samuel Epstein. It is entitled “The Alloys 
of Iron and Carbon. Vol. I—Constitution,” and contains 476 
pages, 40 of which are devoted to a bibliography of the literature 
from 1890 to date. It sells for $5.00 and is published by McGraw- 
Hill Book Co., New York. 

The new volume is attractively bound in the blue cloth which 
distinguishes the others of this series. The type is from the same 
font as that used in printing the earlier volumes; it is pleasing 
to the eye, and lends itself to ready reading. 

The book opens with a brief discussion of the effects of ele- 
ments other than iron and carbon on the alloys which are its 
subject and of the influence of such variables as microstructure, 
process of manufacture, etc. on the properties of steel and cast iron. 

Approximately one-third of the book is devoted to the iron- 
carbon diagram. A description of the methods used in deter- 
mining the points upon which the diagrams of this system are 
based is followed by a concise treatment of the properties of the 
phases, iron and iron carbide, and a presentation of the general 
features of the iron-iron carbide diagram. Two chapters are de- 
voted to a study of the data upon which a selected iron-iron 
carbide diagram is based. The last chapter of this group of four 
is devoted to a study of the material upon which a selected double 
diagram (iron-iron carbide and iron-graphite) is based. 

This work is well done, and the conclusions are presented 
cleatly and without prejudice. Some of the photomicrographs 
which illustrate these chapters leave something to be desired in 
the way of clearness, largely because they are reproductions, not 
apparently of original photographs, but of other reproductions; 
this fortunately does not detract from their usefulness in em- 
phasizing the points brought out in the text. 

Two well-written chapters—one on the fundamentals of the 
hardening of the alloys of iron and carbon, and one on the effects 
of tempering upon the structure and properties of the hardened 
alloys—follow the first group of four. 

Chapter VIII deals with the structure of iron and steel, and in 
it, among other things, is discussed at some length the appearance 
of the microstructural constituents of iron and steel. The discus- 
sion of these is well balanced, though certain important matters, 
referred to below, are given somewhat scant notice. 

Heat-treating practice in general and the effects of mass and 
of furnace atmosphere on heat-treated steel are the subjects of 
Chapter IX. Rather more stress should have been placed, perhaps, 
upon the importance of steam and carbon dioxide in furnace 
atmospheres, the effects of these compounds being far too lightly 
dismissed in most current discussions of the practical applications 
of specific atmospheres. 

Heat-treating operations—quenching, tempering and carburizing 
—form the background for Chapter X. 

The book closes with a consideration of the effects of inhomo- 
geneities of various types on the properties of the ubiquitous 
materials which are the subject of the monograph. 

Many times before today has the reviewing of a book been 
made the excuse for hobby-riding, and the present reviewer, being 
thus in good company, feels urged to mount a few hobbies of his 
own, not to chasten the author (who, in view of the many differ- 
ences of opinion about the metallography of iron and steel, has 
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handled his subject admirably), but rather, while spurring the 
hobbies, to suggest alternatives to statements in the book. 

On page 33, ff., the author deals with the crystal structures and 
temperatures of transformation of metallic iron, and in line with 
most, if not all, of those who have preceded him on this subject, 
uses the terms “alpha,” “beta,” “gamma,” and “‘delta’” to describe 
the forms of iron. The reviewer has elsewhere suggested that the 
time has arrived, when for the sake of clearness, these terms may 
well be discarded, and the desirability of such a change is not lets 
apparent after reading the author's discussion of “The Question 
of Beta Iron’’ (Sec. 30 of the monograph). 

The reviewer would observe that there are two crystalline varie. 
ties of iron—‘body-centered cubic’ and ‘‘face-centered cubic’— 
and would suggest that these be referred to as “body-centered 
iron’ and ‘“‘face-centered iron,” respectively. That body-centered 


iron undergoes magnetic transformation at Az need cause difficulty 
neither in description nor in definition. One need only say, for 
example, that body-centered iron changes on heating f: the fer- 
romagnetic to the paramagnetic state at As. Iron, n ferro- 


Fig. 1—From a Paper by Krivibok and Grossm on “A 





















































Study of the Iron-Chromium-Carbon Constitut: nal Dia- 
gram,” Trans. AS.S.T., Vol. 18, p. 760, 19 Figure 
Originally Due to Esser. 
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Fig. 2—From Paper by Kinzel on “Nondeforming Al pha- 
Delta Carburizing Steel,” Trans. ASS.T. Vol. 19, p. 438, 


Per Cent Alpha-Forming Alloy 


1931-32. 
magnetic, might be described as ‘ferromagnetic body-centered 
iron’; iron between A: and A; might be described as “paramag- 


netic body-centered iron.”” It is agreed that these terms are longer 
than those now in use, but they are precise, and surely precision 
is most desirable. In writing and printing, the shorter forms 
“b.c. iron’ and “‘f-c. iron” could be used. 

The confusion resulting from the use of the terms “alpha” and 
“delta,” for example, is well exemplified in diagrams which have 


illustrated mumerous papers during the last few years, and of 
which | 1 to 4 of this review are interesting examples. How 
much clearer and more precise it would have been, had the cap- 
tions “| and “‘f-c."’ been used in place of the Greek letters a, 6 
and Y, ctively, in Figs. 1 to 3, and the term ‘“body-centered 
iron in of the contradictory description “Delta (or a) iron” 
in Fig And how much less confusing would have been the 
title ‘‘) eforming Body-centered Carburizing Steel’’ than the 
title ‘"N forming Alpha-Delta Carburizing Steel’ for the paper 
by Kinz rom which Fig. 2 of this review was taken? 

As al mentioned, Section 30 of the monograph deals with 
the qu of beta or (to use the more descriptive name sug- 
gested | reviewer) paramagnetic b-c. iran. The author here 
observes hn Johnston remarked that Heisenberg’s theory of 
ferromagn ‘ism offers an explanation which, though incomplete, 
is in mi ways satisfactory. McKeehan has briefly discussed 
Heisenbe: theory. The magnetic transformation (A:) seems to 
represent energy change within the atom.” The reviewer has 
italicized words “within the atom’ in the sentence last quoted, 
because of opinion that they offer a clue to the correct 
disposition of the Az line in the iron-iron carbide and iron- 
graphite grams. 

Epstein Section 49 of his book, discusses the disposition of 
this line at considerable length, concluding that the logical pro- 
cedure is to indicate the magnetic change points as following OSK 
in the diagram. 


Fig. 3—From “The Book of Stainless Steels,’ by Thum, 
First Edition, 1933, p. 8. 
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What still puzzles the reviewer is that a change occurring 
within the atoms of iron should be influenced so remarkably by 
the atoms of carbon as apparently it is—to judge by the A, line 
in Epstein’s selected diagram (Fig. 15, p. 96). The atoms of 
iron in an alloy containing, say, 0.43 per cent of carbon are 
presumably the same in nature as, though less in number than, 
those in an alloy containing, say, 0.03 per cent of carbon. The 
A: point, according to Epstein’s selected diagram, occurs at the 
same temperature (770° C.) in the 0.43 per cent, as in the 0.03 
per cent, carbon alloy, but at a temperature 47 deg. C. lower in 
the 0.83 per cent carbon alloy—the eutectoid (Fig. 11, p. 84). 
Thus, whereas an increase in carbon from 0.03 per cent to 0.43 
per cent is without apparent effect upon the internal configuration 
of individual iron atoms, an increase in carbon from 0.43 to 0.83 
per cent causes a change so marked as to lower the Curie point 
by 47 deg. C. An equally remarkable phenomenon is the per- 
sistence of the Curie point at 723 deg. C., despite further in- 
crease in carbon content from 0.83 per cent to 6.68 per cent. 

Why should the effect of carbon be discontinuous? Why, for 
example, should not the effect of carbon upon the internal con- 
figuration of the iron atoms be proportional to its amount and 
independent of the positions of the iron and carbon atoms relative to 
one another on the lattice, whether body-centered or face-centered ? 
Were this true, in eutectoid steel and, for that matter, in all alloys 
containing more than 0.43 per cent of carbon, the internal con- 
figuration of individual atoms of iron would not be expected to 
change at a temperature lower than that at which it changed in 
0.43 per cent carbon steel, provided that the 0.43 and 0.03 per 
cent carbon steels had the same Curie point. All of which, being 
interpreted, means that the reviewer supports Honda, Murakami, 
and Kinzel in their views regarding the situation of the Az line 
in the iron-iron carbide diagram. 


The foregoing is not all that can be said on this subject. On 
page 283 of the monograph Epstein quotes d’Arcambal as stating 
that ". . . for a 1 per cent carbon steel, 750 deg. C . is too low 
for commercial practice.” Nevertheless, the loss of magnetism of 
tool steel has been, and is being, used with success in the com- 
mercial determination of its quenching temperature. The inference 
appears to be that tool steel does not lose enough magnetism on 
heating through A; to render a magnet ineffective in determining 
the temperature at which the steel should be quenched so as to 
be fully hardened. For all practical purposes, then, it would seem 
that for tool steel A; must be above 750 deg. C.—in all probability 
it is at 770 deg. C-—the Curie point for steels containing between 
0.03 and 0.43 per cent carbon. The reviewer has no desire to be 
dogmatic regarding the Az line, but he does suggest that more 
work is needed to prove that it does not extend horizontally across 
the diagram. : 

Of special interest to the reviewer was the chapter (VIII) on 
“The Structure of Iron and Steel,” particularly that section (97) 
dealing with pearlite. Therein reference is made to the work of 
Carpenter and Robertson on the formation of pearlite, and a figure 
(No. 97) is reproduced from their paper (ref. 448 in the bibli- 
ography) for the purpose of illustrating the mode of formation 
of pearlite from austenite. While it is true that this figure (here 
reproduced as Fig. 5) illustrates with reasonable accuracy what 
occurs when eutectoid steel is cooled through the critical range 
at slower and faster cooling rates, respectively, it does not em 
phasize sufficiently the important fact that in hypo- and hyper- 
eutectoid steel, either pro-eutectoid ferrite or pro-eutectoid cemen- 
tite (as the case may be) forms at the boundaries of the austenite 
prior to the appearance of pearlite. 


Epstein remarks that: “Carpenter and Robinson concluded that 
the formation of pearlite does not begin with the appearance of 
a number of parallel lamellae throughout a grain. Instead, in 
hypo- or hypereutectoid steel pearlite begins to form at the edge 
or a corner of an austenite grain, adjacent to the proeutectoid 
ferrite or cementite, and then spreads gradually through the aus- 
tenite as illustrated” in Fig. 5 hereof. Fig. 5 most certainly 
does not illustrate the remarks in the sentence last quoted. What 
happens on cooling hypo-eutectoid steels through the critical range 
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is that iron atoms at various points on the boundaries of the 
austenite grains commence at Ar; to rearrange themselves on a 
body-centered lattice. 

The reviewer has suggested elsewhere (Trans., A. S. M., 1934, 
vol. 22, pp. 139-183) that the number of points at which rear- 
rangement commences is closely related to the rate of cooling of 
the steel, being relatively few with slow rates of cooling, in- 
creasing to a maximum with increase of cooling rate, and then 
falling off very considerably with still higher rates of cooling— 
rates of cooling just short of those which in some steels will 
produce a Widmanstiatten structure, and in others martensite. The 
reviewer has further suggested that with rates of cooling which 
result in the formation of highly developed lamellar pearlite 
there may be a definite relationship between the positions of 
the points at which ferrite starts to form at the boundaries of 
the austenite crystals and the distances between the lamellae of 
carbide which start to crystallize out when the concentration of 
carbon at the boundary between the waxing ferrite and the waning 
austenite reaches the saturation point. 

Whatever the rate of cooling of hypo-eutectoid steel (so long as 
the critical rate is mot exceeded), among the most important 
factors determining the structure of the pearlite formed (the word 
“pearlite’’. being used in probably its best and widest sense, to 
include both sorbite and troostite) are (1) the number of points 
at which transformation of face-centered iron to body-centered 
iron occurs at boundaries of the austenite grains (or, in other 
words, the number of points at which ferrite starts to form at 
these boundaries), and (2) the concentration of carbon in in- 
dividual grains at the boundary between the growing ferrite and 
the diminishing austenite. These factors are given no consideration 
by the author. It is felt that the mode of formation of the various 
types of pearlite should not be quite so lightly dismissed as on 
page 258 of the monograph, and that a full treatment of this sub- 
ject might well be embodied in future editions. 

Yet another structure, the Widmanstatten, is dealt with rather 
loosely. The impression created by the author is that the Wid- 
manstatten structure occurs only in cast steels, whereas a structure 
to which the term ‘““Widmanstiatten” has been applied (with, it 
is thought, justification) is not by any means infrequently found 
in forged steels which have been cooled at certain rather critical 
rates. Numerous failures of forged steel parts have been reported, 
all of which were due to the Widmanstitten structure here referred 
to—a structure which is associated with considerable brittleness 
in steel, and of which a photomicrograph is shown in Fig. 6. 

What the reviewer is at pains to point out is that the Widman- 
stitten structure is not found in cast steels only; it may be a 
feature of forged steels of a wide range of compositions. Belaiew 
and Séférian, for example, in a recent paper on “A Study of the 
Widmanstitten Structure in Welds’. (12th International Congress 
on Welding, June, 1936), have shown quite clearly that in welded 
materials: ‘““The structure may be formed from an initial liquid 
state, as in the weld, or from an overheated solid state’ (italics 
by the reviewer). As the reviewer has pointed out in his paper 
referred to above, the Widmanstiatten structure can be caused to 
appear and disappear in one and the same rolled bar, according 
as the bar is cooled rapidly or slowly. To produce the Widman- 
stitten structure in steel cooled from any given temperature, it 


Fig. 5—From Epstein’s “The Alloys of Iron and Carbon— 
Vol. 1—Constitution,” p. 258. 























Fig. 4—Widmanstatten Structure as Found in Forged Steels 
Cooled at Certain Critical Rates. 


is only necessary that the rate of cooling fall within certain 
limits. The Widmanstatten structure here mentioned is more 
readily produced in coarse than in fine-grained steels. 

In closing, the reviewer is tempted to ask why the new system 
of nomenclature suggested by Marsh in his monograph, ‘‘Principle 
of Phase Diagrams,’ has not been employed by authors of books 
in this series published since its appearance. None realizes better 
than the reviewer the difficulty of adopting a new nomenclature, 
but it seems a pity that, having “approved for publication’ Marsh's 
book, the Iron and Steel Committee has not required that authors 
of subsequent monographs use its contents. The employment, for 
example, of the term “‘tricrystic austenite’ to describe tiie 1.7 + 
0.3 per cent carbon alloy of the iron-iron carbide sys:em and 
similar alloys (austenites of maximum carbon conten!) would 
save much time and trouble. Other instances, where Marsh's 
nomenclature might well be used, come to mind, but « :nnot be 
dealt with here on account of space. 


Comments by the Author 


One must admire the enthusiasm with which Mr. [Ellis has 
entered into this discussion. As metallurgy has matured. we have 
all naturally tended to become hard-headed and more absorbed 
in the practical. That we feel the need for theoretical thinking, 
however, is indicated by our conversations, which wil! as fre 
quently turn to the theoretical as the practical. It is good then 
to see a practical man of Mr. Ellis’ standing entering with relish 
into a written discussion of theoretical matters. 

Granting the simplicity of Mr. Ellis’ suggested nomenclature 
“b-c.” and “f-c."” for two forms of iron instead of the Greek 
letters, a, 8, Y, and 5, it is hardly possible in a book to under- 
take changing such generally accepted usage. Such changes must 
be left mainly to our pedagogues; time will tell whether they 
will be accepted by the new generations of metallurgists. This 
applies particularly to the new nomenclature in Marsh's “Principles 
of Phase Diagrams” which would seem difficult and alien to the 
vast majority of present-day readers. 

One of the principal values of theorizing is that it suggests 
and paves the way for experiment. Mr. Ellis argues from theo 
retical analogies that the A: line extends across the whole diagram 
and that the magnetic transformation A, is not lowered to the 
eutectoid temperature along the line OSK. The writer, however, 
prefers to accept the experimental determinations which indicate 
that the magnetic transformation is lowered along the line OSK, 
as has been substantiated recently by Mehl and Wells.’ 

I am indebted to Mr. Ellis for his corrections to the discussiom 
of the crystallization of pearlite and of the Widmanstitten struc 
ture as well as for his kind review. 


SAMUEL EPSTEIN 


1R. F. Mehl and C. Wells. “Constitution of High-Purity Iron-Carbos 
Alloys.” Tech. Pub. 798 A.I.M.M.E. 1937. 
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Metallurgical and Commerce News 


large Stainless Steel Ingot 
Output in 1936 


Production data for stainless steel ingots by analysis for the 
year 1936 have recently been made public by the American Iron 
and Stee! Institute. They are interesting. The output for 1936 
as compared with the previous two years is as follows in gross 


tons: 

Tyt 1934 1935 1936 
“18 an ° wpe nea > a sa'e 0 bs wpe eee send 19,777 24,711 39,107 
12 to 14 CY Wied $0 ba eened Seeubawas 8,902 13,232 23,598 
16 to 18 Sew wate a aearee Me 8,077 12,837 21,288 
All othe Cr or Cr-Ni alloys .... 13,161 14,917 6.973 

OT ee eee ee eee 49,917 65,697 90 966 

Thus 1936 the total production of stainless—or corrosion 
and hea isting—steels at 90,966 tons is an increase of about 
38 per t over 1935 and about 82 per cent over 1934. No 
data we lected by the Institute previous to 1934. Whether 
their d: present returns from the entire industry is also not 
stated. 

Of interest also is the marked increase last year in the pro- 


duction he 18 Cr-8 Ni or “18 and 8” type at 39,107 tons 
of ingots. This type predominates and is the one most widely 
used for olling into various products. Substantial increases are 
also to b ted in the plain Chromium alloy steels. The falling 
off in ¢! ll other” is rather surprising. 


Large Expansion in Stainless Steel 
Rolled Products 


Statistics covering the production of rolled stainless steel prod- 
ucts have recently been made public by the American Iron and 
Steel Institute for 1936. The record as compared with the two 
Previous years is as follows in gross tons: 


- 1934 1935 1936 
Sheet Detmea’ gah hosts Wb x's ont 1,560 1,368 2,120 
Stris $s. PCM eiait's b ote wiki Cal a0 17,076 10,816 14,973 
Bae SG?» .0s.e snes bc oebiud cates bas bbe 9,844 15,837 
pt A eee 8,870 9,208 15,721 
eight ES il SAE 2 5k Se aan 16 43 
as and blanks or pierced biliets......... ee 478 
fae ER ccckisinde Ce ees. os ue: 3,663 4,550 4,731 
Alene blooms and billets............... 2,448 4,423 6,842 
ER. ow NIN eS ik 422 1,574 620 
RR ee Se 34,079 41,79 61,365 


A new record in stainless steel rolled products was made in 
1936 at 61,635 tons. This is about 46.5 per cent in excess of 
i _ Production and about 80 per cent over the 1934 record. 
— were collected previous to 1934. It is not stated 

ese data represent the entire industry. 


It is ; a ; 
a s interesting to note that the production of rolled sheets 
mo " increased markedly in 1936—the total of 30,810 tons is 
ut 50 per cent in excess of the 20,660 tons for 1935. 


I i 
fs both cases the rapidly expanding use of rolled stainless steel 
ucts is reflected by these data. 
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BY THE EDITORS 


Alloys in Furnace Construction 


At a meeting some weeks ago of the Iron and Steel Engineers, 
M. H. Mawhinney, consulting engineer, Salem, Ohio, in a paper 
on “Industrial Furnace Design,’ gave an interesting account of 
the type of furnace used 15 years ago. While it performed satis- 
factorily under most demands at that time, it had no steel shell, 
insulation or controls. But phenomenal strides have been made 
since then to keep up with the modern requirements for heating 
steel. Various types of heating units running from the one-way 
fired circular soaking pits to the latest design in annealing fur- 
maces were described by the speaker. 

Particular attention was given by Mr. Mawhinney to the use 
of alloys in furnace construction. For those parts subject to stress 
under motion, the standard practice is to use an alloy of about 
25 per cent Ni and 15 per cent Cr, while for equipment which 
is supported and is engaged in no movement, 12 per cent Ni 
and 25 per cent Cr alloy is used. 


Testing Electroplated Deposits 


Late information on certain phases of electroplating was the 
feature of the last meeting of the season of the local Metropolitan 
(New York) section of The Electrochemical Society. The speaker 
was Dr. William Blum who is head of the electro-deposition 
division of the Bureau of Standard at Washington. He is joint 
author of a text book on electroplating and a recognized authority 
on the subject of electrochemistry. 

Dr. Blum took as his subject “The Testing and Specification 
of Electroplated Coatings.” There is need, or has been, he said, 
of more precision’ and control in the art and of an improvement 
in plating methods and equipment if the highest quality and 
dependable results are to be assured. 

Discussing the electro-deposition of metals on metals, Dr. Blum 
said that there are three chief points in judging plating; thickness, 
adherence and quality. When it comes to developing tests for 
these and then to preparing specifications, the problem is a difficult 
one. This is manifest, even to the layman. Inevitably thickness 
varies under the best conditions, especially on objects of irregular 
shape. There is what is known as average thickness and local 
thickness. As to adherence, this will vary with the metal to be 
covered or plated and with the metal to be deposited such as 
nickel, chromium, cadmium, silver and so on. Quality may vary 
for many reasons but science is regulating this, and improving 
and stabilizing it. 

When it comes to tests and specifications, the problems are 
many. Dr. Blum illustrated, by concrete examples and by slides, 
two or three methods of testing adherence. Most of this address 
was directed to discussing tests for thickness and some of the 
methods. The chord method was explained but the most inter- 
esting test was described as the magnetic test for nickel plate. 
A machine developed for this purpose was explained and exhibited. 
With the advances, and they are many, which have been made of 
late years, reliable and satisfactory testing of electroplate and 
hence the framing of specifications are more easily accomplished. 
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Permanent Magnet Steels 


Discussing ‘Permanent Magnet Steels’ before one of the local 
sections of a large technical society recently, A. A. Hassan, metal- 
lurgist at the Atha Works of the Crucible Steel Co. of America, 
Harrison, N. J., first briefly reviewed the earlier steels of this 
type such as the tungsten and the chromium steels and also the 
cobalt alloy magnet steels. 

His chief discussion dealt with the newer steels—the Al-Ni and 
the Al-Ni-Co, known as “Alnico.” 


steel by addition of molybdenum, copper, and so on were also 


The modifications of this base 


discussed. The magnetic properties of all the steels were dealt 
with, showing the superiority in. most cases of the Alnico type. 

The method of manufacture of the Alnico type was described. 
The raw materials are melted in an Ajax high frequency induction 
furnace and the alloy poured into dry or green sand molds—all 
the products are made as castings. The resulting alloy is usually 
hard and sometimes brittle and non-machinable. Grinding is nec- 
essary to finish the product to correct shape. The heat treatment, 
when necessary, was discussed. 

Many of the Alnico permanent magnet steels are now used in 
the radio industry, the telephone industry and in magnetos. They 
are expensive and usually sold by the piece rather than the pound. 
They are usually small for a greater effectiveness results from the 
Alnico type and hence less mass is necessary. The Crucible 
company is one of the largest producers of permanent magnet 
steels in the country. For the Almico types, it is a licensee of 


the General Electric Co. which owns the patents. 


Pig Iron Imports Still Large 


There has been considerable talk in these New Deal days about 
the competition of foreign pig iron with the American product. 
That there is, or has been, some basis for this agitation is demon- 
strated by an analysis of Government statistics. This establishes 
the fact, as shown in the table below, that in 1936 these imports 
were the largest in our history but that they have -dechined-some- 
what in 1937: 

Year Tons per Month 
1937 ' 11,490 
1936 ‘ 13,826 
1935 .. a > 911 
| Sr aa ies , ,622 
1933 oh ae 3,220 
a2... 1890 
1931 7,038 
1930 11,400 
1929 12,300 
10,900 

The present volume of over 11,400 tons monthly, according to 
the latest data available, is less than the record volume of 13,826 
tons monthly in 1936. This is due, perhaps, to the larger demand 
abroad for pig iron as evidenced by our exports, but even the 
present imports are larger than in any year but two since 1929 
and exceed the imports of 10,900 tons per month in 1913. They 
also are nearly 64 per cent in excess of the low point in 1931. 


Our Imports of Chrome Ore 


Some interesting data have lately been made public by the in- 
formation service of the W. P. A. through Maurice Judd. Dis- 
cussing various phases of our import statistics, particularly chrome 
ore or chromite, he says the following have been the imports, 
duty free, of this material for 1931 to 1935 inclusive in gross tons: 

Chromium 
Year Total Content ; Value 
1931 212,528 '02,7 161 $3,314,776 
1932 89,143 43,830 1,625,733 
ae” Vaan 116,511 51,165 1,426,450 
I9S4 as 192,297 82,969 2,227,787 
+) ae 259,063 116,277 3,604,491 

According to this table the value per ton in 1935 was about $31 
but in 1931 it was $32.27 per ton. At various.times in the years 
covered, says Mr. Judd, imports of chromite have been received 
from 20 countries, though in 1935, about two-thirds of the total 
came from French Oceania and Mozambique. 
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Alloy Steels in Transportation 


In an address at the semi-annual meeting of the American 
Society of Mechanical Engineers in Detroit recently, Edward 
G. Budd, president of the Budd Mfg. Co., Philadelphia, said 
that there is practically no limit to the amount of rail traye} 
that can be induced by improved travelling conditions. It has 
been demonstrated in several runs in this country that mileage 
can be quadrupled by giving more attractive service and lower 
fares and by reducing the running time betwen terminals, he 
contended. 

In adopting lightweight alloyed steel, such as stainless steel, 
as a medium of construction the railroads followed the lead of 
the automobile and airplane, according to Mr. Budd. 

The desirableness of lightweight in automobiles and airplanes 
has resulted in the very general use of alloyed steels, which under 
heat treatment have a strength and resistance to fatigue many 
times that of the mild steels previously in general use, he said 
“These alloyed steels cost a good deal per pound, but it was 
found that their general use resulted in lowering of the cost 
of the automobile. By using alloyed steel we have cut the 
weight of our trains to one half or less of that of the old-type 
trains, at the same time maintaining as much collision strength 
as in ithe old heavy cars, because the material we use, even though 
much lighter, is four times as strong as mild steel, of the grade 
used in the old cars. We have kept the horsepower of the pulling 
unit high enough so that the weight of the train per horsepower 
is 400 Ibs. or less. The older type, or what we called until 
recently the standard train, has a weight of from 800 to 1,000 
lbs. per hp. With the decreased load we can stop and start 
more quickly, go up hill at the same speed we go down, and 
make the total elapsed time between destinations rvelously 
less than ever has been attained before.” 


Quantity and Source of Bauxite 
Imports 


Large quantities of crude bauxite are imported into the United 
States yearly on which a duty of $1 per gross ton is paid. It is 
one of the few raw materials which is dutiable. According to 
Maurice Judd of the information service of the W. P. A., the im 
ports from 1931 to 1935 were as follows in gross ton 

Year Total Valu 

1931 306,490 $1,4 77 
1932 205,620 1,042,829 
1933 149,548 899,696 


1934 166,653 1,201,710 
199,959 1,448,592 


In 1935 the imports of the material came from only fout 


countries with the great bulk from two—British Guiana and 
Netherlands China. 


Cooperation in Foundry Operations 


At a joint meeting of the Quad City Chapter of the AFA 
and the Tri-City Chapter of the A.S.M., George Zabel, foundry 
superintendent, chief chemist and metallurgist of Fairbanks, 
Morse & Co., Beloit, Wis., declared that there is a certain lack 
of cooperation between the engineering departments and the 
foundry proper. The engineer should have sufficient training 
for a fundamental understanding of the making of castings, COP 
materials used and the different castings. The foundrymen, he 
the other hand, should have an opportunity to get information 
from the engineer. 

This lack of cooperation, Mr. Zabel said, is being gradually 
eliminated, in his opinion, and a more mutual -basis is becoming 
apparent in the two fields. He cited examples of how design 
has become important in the foundry industry, accom 
fewer operations and less expense. Foundrymen must j 
terms of exactness of measurement, design of castings, soundmess, 
prices and materials used. 
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FURNACES AND ATMOSPHERES FOR 





ANNEALING COPPER 


WITH ELECTRIC HEAT 


by E. XK. Hansen and P. i. Brace 
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FURNACES of the resistor type have long 
loyed for those difhcult heat treatments oc- 
rticularly in the ferrous metal industry, where 


ng and accurate temperature control are ¢&s- 


in a properly treated product. The physical 
nany metals depend largely on the heat ireat- 
ive, and inasmuch as many pieces have had 
pended upon them before heat treating, only 
idable equipment should be used in order to 


The electric furnace as a heat-treating tool of precision 
calibre has not only contributed to the elimination of waste 
resulting from improper heat treatment, but it has become 
a means whereby many of the high standards of modern 
industry are maintained. Much of the speed and safety 
of our present day civilization depends on our ability to 
reproduce accurately the ultimate physical properties ob- 
tainable in metals. Imagine, if you can, our giant aircraft 
thundering from New York to Los Angeles between break- 
fast and dinner, or the new streamlined trains hissing 





Fig. 1.—Return Recuperative Pusher Type Furnace. 
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On Right of Furnace is the 300 cu. ft. per br. 
Atmos phere Equipment. 


across the plains at 100 or more miles per hr.. if it were 
impossible to reproduce accurately the form and properties 
of each individual part. 


Many materials go to make up the modern transport 
plane, but let us consider only one of the metals—copper 
—which is used for tubing and wiring, and through which 
flows vital fuel and energy to the powerful motors, These 
copper parts must certainly be of highest quality to insure 
the safe comfortable travel to which we have become 
accustomed, and such high quality can only be obtained by 
uniform manufacture, including the accurate control of the 
many heat-treating processes to which the metal is sub. 
jected before it attains its final shape. 


Some Facts About Copper 


Copper, as one of our oldest metals, has been produced 
and heat treated in many ways. Some of the older meth. 
ods of manufacture still persist but, fortunately, the process 
of annealing is undergoing a change which will result ip 4 
finer, more uniform material with which our engineers 
may work. During the last decade, the cost of elec. 
tric energy has gradually decreased, and this. fact, together 
with the introduction of inexpensive protective atmospheres, 
makes economically possible the use of electric furnaces 
for bright annealing copper and many other non-ferrous 
metals and alloys. Not only can the highest standards of 
uniformity be obtained, but with the aid of protective at- 
mosphere, the electric furnace can be made to produce a 
clean, dry, bright product without the need for the ex. 
pensive and time consuming cleaning and drying opera. 
tions that are still used in the older methods of manufac- 
ture. 

The scientific manner in which heat can be distributed 


throughout the electric furnace, together with accurate 
temperature control obtainable, produces unifo'm heating 
that does much to eliminate the tendency of fine wire and 
thin sheet to “‘stick.” Sticking or clinging of t':\< metal to 


Straight Through Pusher Furnace and Atmosphere Equipment Used for Bright Annealing Copper \ Spools. 
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the spool or reel as it is being unwound produces, in the 
case of wire to be enameled, irregularities and kinks which 
use a non-uniform coating of enamel, commonly referred 
19 as being ““beaded.’” Wire with such an inferior layer of 
enamel 1s useless, and represents much waste that might 
have been avoided if the metal had been given the proper 
heat treatment. 

Electric furnaces for practically any heat-treating process 
may be designed embodying automatic handling of the 
charge with any one of several types of conveyors. The 
furnaces most widely adopted for bright annealing copper 
are the belt conveyor, pusher and bell types. The photo- 
graphs illustrate more recent installations of pusher and 
bell furnaces with their protective atmosphere equipments, 
but before describing them, the method of manufacturing 
the atmosphere will be discussed. The production of the 
atmosphere is an important step in obtaining bright- 
annealed copper, and a working knowledge of its prepara- 
tion is essential. 


Production of the Atmosphere 

In general, protective atmospheres are made by burning 
a fuel gas with an insufficient quantity of air and subse- 
quently purifying the products of combustion to eliminate 


the deleterious components, A good atmosphere may be pre- 
pared from carburetted water gas, chosen here because its 
treatment v serve to illustrate the elimination of sulphur 
gases from products, an additional problem not present 
in the prep. ration of an atmosphere from natural gas. A 
pump or an iutomatic mixing machine is used to mix in- 
timately gas and air in just the right proportions and force 
them under ° or 3 Ibs. per sq. in. pressure into a refractory 
lined combu tion chamber where they are allowed to burn 
in the presence of a catalyst and at a temperature in the 


neighborhoo:! of 2000 deg. F. 

In some c.ises where high pressure gas and air are avail- 
able, the mixing pump may be replaced by two pressure 
regulators which reduce both gas and air to the same pres- 
sure of 2 or + lbs. per sq. in. The mixing then takes place 
either at the burner or in a pipe line just ahead of the com- 
buster. The quantity of air used is just short of that re- 
quired for perfect combustion, resulting in products that 
contain smal! amounts of such gases as CO, H,S, H, and 
80,, besides CO,, H,O and N,, the latter three gases form- 
ing about 85 per cent of the total volume. The burned gases 
are then led into the purifying system, where the first tower 
contains limestone over which water is allowed to trickle. 
As the gases pass through the limestone tower, the SO, 
formed during combustion is readily absorbed by the water 
long with small quantities of H,S. Limestone makes the 
water slightly alkaline, in which condition it is believed to 

more effective in removing the acid forming radical SO,. 

Next, a tower containing iron oxide heated to and main- 
tained at about 100 deg. F. is used to remove the remaining 
HS. Then the water vapor resulting from the combustion 
of hydro-carbons or entrained during passage through the 
limestone tower is reduced to a sufficiently low concentra- 
tion by passing the gases through a refrigerated compart- 
ment Maintained at approximately 40 deg. F.. It is im- 
portant to remove the water to saturation as low as 40 deg. 
F to prevent condensation on the inner surfaces of the 
furnace cooling chamber, which would result in water spots 
Sy: the bright surface of the copper being annealed. The 


remaining gases. mainly CO, and N,, make up the inert 
atmosphere, 
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Fig. 4—Bell Furnace Installation. 


The Air to Gas Ratio 


One of the most essential requirements in operating an 
atmosphere equipment such as has just been described is to 
keep the air to gas ratio constant. If the ratio of air to gas 
becomes too low, considerable quantities of such reducing 
gases as H, and CO will be formed, and these gases, if 
present in too large amounts, may produce embrittlement 
of copper. In the case of fine copper wire or thin sheet 
and tubes, such embrittlement may be so pronounced as to 
render the product useless. Another danger of a low air 
to gas ratio is the formation of large amounts of H,S, which 
is at best a difficult’gas to eliminate from the products, and 
if present in large quantities, may pass on into the furnace, 
where it will produce a copper sulphide tarnish upon the 
surface of the hot copper. 


Fig. 5. -Close-up of One of the Bases of the Bell Furnace Instal- 
lation. 






























Fig. 6.—Equipment for Preparing the Atmos phere for the 
Bell Furnace. 


On the other hand, if the air-gas ratio becomes too great, 
there is danger of small fluctuations in gas and air pressure 
or large changes in room temperature causing excess air to 
be drawn into the system. Since there is no provision in 
the purifying system for the elimination of oxygen, even 
ai.small quantity passing into the hot furnace would dis- 
color the copper by forming copper oxide. 

An analysis of the atmosphere just before it passes into 
the furnace may be made with an ordinary Orsat ap- 
paratus where the percentage of CO present serves as a check 
on the suitability of the atmosphere for use in bright an- 
nealing copper. The limits are from 1 to 2.5 per cent. 
More than 2.5 per cent CO represents too low an air to gas 
ratio, while less than 1 per cent means the ratio is too high, 
and unless the ratio is adjusted to constantly produce be- 
tween 1 and 2.5 per cent CO, there is likely to be trouble 
from discoloration, or embrittlement. 


Relieving ‘‘Strain Hardening’’ 


In annealing copper to relieve ‘‘strain hardening’’ caused 
by rolling or drawing operations, it is necessary to allow 
recrystallization to take place at some temperature within 
the softening range, usually between 500 and 1200 deg. F. 
This process requires an integral of time and temperature 
depending upon the amount of cold working previously 
undergone by the metal, and for any given amount of cold 
work, the time necessary depends upon the temperature. 

After the copper has been heated to the proper tem- 
perature, it must be cooled to about 150 deg. F. before it 
can be removed from the furnace, or it will be tarnished 
by oxygen in the air of the room. It is therefore necessary 
to provide cooling chambers in which the charge may cool 
while in the presence of the furnace atmosphere. For a con- 
tinuous furnace, such a chamber may be simply water jack- 
eted or may contain fans and cooling coils which cool and 
recirculate the atmosphere over the work. In this connec- 
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tion, it may be said that fans add greatly to the heat transfer 
between the copper and cooling water. As a matter of 
fact, their use in heating chambers proper is being wide| 
adopted, because of the marked shortening of heating time 
effected. 

The reason that fans are so important in bright anne}. 
ing furnaces is that bright surfaces have a very low co. 
efficient of emissivity—that is, poor ability to radiate or 
absorb heat— and unless additional heat is supplied of re. 
moved by forced convection, the heating and cooling time 
would be unnecessarily long. This means longer furnaces 
requiring additional valuable floor space. It has been 
found that as much as 70 per cent of the heat required for 
annealing may be transferred by means of forced conyec. 
tion in the case of bright annealing copper. 


Types of Furnaces 


One type of furnace that takes advantage of fans js the 
return recuperative pusher type furnace shown in Fig, ], 
Not only does this furnace employ fans for heat transfer 
but it makes use of the cold ingoing materia! to cool the 
outgoing charge. The heat gained by the cold metal from 
the outgoing material is about 30 per cent of that required 


for annealing, which means a sizable saving in power con- 
sumed. The furnace shown was designed for opper strip 
ranging from 15/16 in. to 18 in. wide, with ». minimum 
thickness of 0.004 in. The smallest coils w ich 30 Ibs. 
each, while the larger ones weigh 150 lbs. 1€ average 


production of the furnace is 2300 Ibs. per at 1200 
deg. F. 

The furnace consists essentially of a heat 1g chamber 
shown at the left of the photograph, a recu; rating zone 
in the center, a water jacketed cooling ch er, and a 
double flushing chamber at the right. The onveyor is 


made up of two lines of cast trays which are ‘moved into 
and out of the furnace, one tray at a time, \ means of 
hydraulic cylinders. The trays are supporte on rollers 
so that they may be moved with the least possible effort. 
All operations, except placing the charge in ‘he flushing 


chamber, are accomplished automatically by means of 4 
timing device and solenoid operated valves in ‘he hydraulic 
pusher system. 

At the right of the furnace in Fig. 2 may be seen the 
3000-cu. ft. per hr. atmosphere equipment which essentially 
consists of the apparatus described above. !t is interest: 
ing to note that although the natural gas used in this 
installation was-reported to be sulphur free, there were 
times when for no apparent reason the metal being an- 
nealed acquired a sulphide tarnish. It was necessary 
install purifying equipment similar to that used for manu- 
factured gas. 

Fig. 3 shows a straight through pusher furnace and at 
mosphere equipment used for bright annealing Copp 
wire on spools, each spool weighing 350 lbs. The furnace 
is rated at 1000 Ibs. of copper per hr. at 1000 deg. F, 
while the gas equipment is capable of producing 1000 a 
ft. per hr. of conditioned atmosphere. Two duplicate in- 
stallations by a large manufacturer, one in operation for 
two years, the other to be installed shortly, are used to an- 
neal fine, hard drawn copper wire in sizes down to 0.003 
in. diameter. 

A bell furnace installation and a close-up of one of the 
bases are shown in Figs. 4 and 5. The product, as can be 
seen, is wire and ranges from 0.036 to 0.010 in- di 
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wound on reels. In the center of the photograph is shown 
the hood or metal cover that is placed over the charge just 
before heating and which remains there while the charge 
is heated and cooled. The hood, which is sealed in a water 
trough at the bottom, furnishes a compartment for the 
charge in which a protective atmosphere can be maintained. 
As soon as the hooded charge has been heated for a suf- 
ficient time, the bell or furnace, shown at the left, is re- 
moved and placed over another charge. The previous 
charge is cooled by means of water being sprayed over the 
hood. The fan, mounted in the base, circulates the at- 
mosphere under the hood through the copper coils, during 
the entire heating and cooling cycle. 


Preparing Atmosphere 
for Bell Furnace 


Atmosphere for the above bell furnace is prepared in the 
equipment shown in Fig. 6. The combuster is shown in 
front with the purifying towers in the background. The 


two instruments mounted on the front of the combuster 
indic he relative amounts of gas and air being pumped 
to th bustion chamber by the automatic pump mounted 
belo he combuster is provided with a fire check to pre- 
vent firing and a lighting hole placed conveniently 
near urner end. A small torch using gas from the 
mixt e is used to light the combuster through the 
light le. This method of ignition makes it possible 


Supp ientary Comment 


Lin’ R IS COPPER,” said the old-timer in the frame 

( nd of Gelett Burgess’ station master who 
maint that “pigs is pigs.’ Present-day refinements 
in c tion and manufacture have brought about 
recogi of several varieties of copper and have also 
made cessary to carefully adjust heat treatment and 
mechi processsing to avoid irregularities of strength, 
ductil d other properties which would have gone un- 
notice the days when copper was considered to be an- 
nealed 1: it had been heated red hot and thrown into a 
tank of ter. 

Times have changed. ‘‘Mysterious” failures first led to 
studies of the effect of reducing atmospheres on copper. 
The work of Pilling showed that the commercial “‘pure”’ 


Fig. 1. Annealing Curves for Cold Rolled Commercial 
Copper at 300 deg. C. 
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to start the apparatus immediately and have conditioned at- 
mosphere available within 1/5 hr. 

An older method of lighting in which the combuster was 
filled with raw gas and lighted at the exit end before ad- 
mitting air until the flame became short enough to be 
drawn inside, would invariably cause delay. Often, as the 
flame would be drawn back into the combuster, the sudden 
ignition of the chamber full of combustible mixture would 
cause a report not unlike that of a fair-sized field piece, 
and instead of continuing to burn, the flame would go out, 
making it necessary to repeat the process. However, with 
the numerous installations of controlled-atmosphere electric 
furnace combinations, the many early problems in operating 
technique have been solved. 


Some Results 


In each of the above installations the annealed metal is 
taken directly from the furnace and either reduced further 
or sent directly to the user. No longer is there need for 
costly cleaning or drying operations after annealing, and 
even though copper does not require as close temperature 
control for annealing as do some of the ferrous metals, 
it has been found that the electric furnace definitely in- 
sures to the user a consistently uniform and high grade 
product. 


T5e foregoing has dealt with the furnace technique. Metal 
lurgically, the necessity jor and the suitability of such treatment 1 
move understandable nowadays than in earlier times.—Editor 


By P. H. BRACE, Consulting Metallurgist 
Westinghouse Electric & Mfg. Co. 


copper contained certain amounts of oxygen in the form of 
minute particles of cuprous oxide, Cu,O, disseminated 
throughout its mass. It was found that the embrittlement 
which occurred when copper was heated in atmospheres 


Fig. 2.—Effect of Cold Rolling on Hardness of Copper. 
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cuntaining hydrocarbons, carbon monoxide and in particu- 
lar, hydrogen, was due to the gaseous products formed 
when hydrogen, for example, diffused into the copper and 
reacted with the cuprous oxide as follows: 


H: + Cu,O = H:O + 2Cu 


Hydrogen diffuses readily through hot copper, the water 
with difficulty. As a result of this ‘‘one-way trafhc’, high 
steam pressures develop in the neighborhood of the copper 
oxide particles forcing apart the crystals of the copper and 
forming fissures which in extreme cases reduce the duc- 
tility of the copper to approximately that of chalk. 

Embrittlement is favored by high annealing tempera- 
tures, high concentration of reducing gases such as H,, CO 
and hydrocarbons, and by prolonged heating in such at- 
mospheres. Experience has shown that for temperatures 
below 400 deg. C. and concentrations of H, and CO be- 
low approximately 1 and 2 per cent respectively, even fine 
wire may be annealed without showing noticeable em- 
brittlement. The approximate time-temperature curve is 
shown by Fig. 1. 

The response of copper to annealing is greatly de- 
pendent upon its previous mechanical history. When the 
metal has been severely deformed, it ‘‘anneals’ most rapidly 
and completely. The effects of deformations of a few per- 
cent may be quite difficult to erase. The effects of cold 
work on the annealing characteristics of a typical specimen 
of commercial copper such as that commonly used for elec- 
trical conductors are illustrated by research curves, Nos. 
204,966 and 198,670. It will be noted that the curves for 
severely cold-worked copper actually cross those corre- 
sponding to small reductions. Low annealing temperatures 
are also desirable from the standpoint of grain-size and 


ductility. 


Silver in Copper 

In general, the more nearly pure a metal is, the lower 
is its annealing temperature and copper is no exception 
to the rule. Quite small amounts of alloyed metal pro. 
foundly influence its response to heat treatment after me. 
chanical working of which silver is an outstanding example, 
It is interesting to note that although the silver confers 
upon the copper a marked increase in ‘thermal endurance”, 
it has a relatively small effect on its physical properties 
and response to cold work. The physical properties of the 
cold-worked silver-bearing copper differ but slightly from 
those of pure copper similarly treated. 

Because of its high thermal endurance, silver-bearing 
copper is frequently used for making articles which must 
be subjected to heat in fabrication and use. Its peculiarities 
must also be taken into account in developing procedures 
for annealing it. 

Recently copper nearly free of oxygen has been placed 
on the market. This material is characterized by excep- 
tional ductility and substantial immunity to embrittlement 
by hydrogen. However, it is susceptible to oxygen and, if 
best results are to be secured, must be annealed in an 
oxygen-free atmosphere. In this case, the oxygen appears 
in “solid solution’ and may cause abnormal grain growth 
and consequent irregularities in physical properties which 
are extremely undesirable in the difficult situations in which 
this specialized material is usually applied. 

The foregoing will make evident the fact thai the an- 
nealing of copper to meet modern industrial requirements 
is not a simple matter of “heat and dunk’, but one requir- 
ing carefully developed procedures and well-desi: ned and 
adequately controlled equipment in which to cairy them 
out. In this field electric heat under automatic «\ectrical 
control, in conjunction with proper furnace atmospheres, 
enables the production of metal combining flaw! .s finish 
and uniform physical properties. 








A Few Chuckles 


A Problem and an Award 


The communication, reproduced below, was received by our 
editorial director, postmarked from Berlin, Germany. 
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We fear he is calling us a son of a something, but offer a 


year’s subscription for the first translation, including signature — 
Editors. 
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Steel ‘‘Magnets’’! 


Headline, Columbus Despatch Sun, May 23.—'’Stee! Magnet to 
get honorary degree.” The magnet turns out to be M Fairless. 
—H.W.G. 


Metals in the Hindenburg 


From a Berlin dispatch to New York newspaper, commenting 
on the Hindenburg disaster: 


One of the first things brought to light about this big 
airship was that she had been constructed partly from the 
twisted framework of the British dirigible R-101 which 
crashed in France about six years ago. The scrap irom Was 
purchased and shipped to Germany. (Italics ours.) 

Can it be that British aluminum and American scrap iron entered 
into the construction of the Hindenburg! ?!—E.F.C. 


Platinum and Goid 


“At the business end is 's renowned Scratchproof Point of 
Platinum and Solid Gold—the most inspiring and versatile point 
we have ever created. A point now having 334% more 
than formerly, yet at no higher price to you.” 

Question, does the man in the street know that Pt costs more 
than Au, or doesn’t he? 





METALS AND ALLOYS 


Crystalline Manganese Sulphide 


IN CHILLED CAST IRON 


hy Owen W. Ellis 


Director, Dept. of Engineering and Metallurgy, 
Ontario Research Foundation, Toronto, Canada 





HE OCCURRENCE OF crystalline manganese sulphide 


their remarks are quoted in full, even though some of them 
iy iron has been referred to by Allen', who in 


are not entirely relevant: 


xcellent photomicrographs has demonstrated the “B. Manganese Sulphide, MnS (with varying percentage 
habit lis material. of FeS: In steel as rounded or crystallized grains—diameter 
Cry of manganese sulphide were apparently first about 2-10 #. Colour dove-grey, lighter with increasing FeS- 
noted evy? in some of the alloys investigated by him content. Generally occurring as isolated grains in the grain 
when ing manganese sulphides and silicates in iron boundaries of the steel, but sometimes also in the austenite 
and st Among other things, he shows in Fig. 8 of his grains (Fig. 24, p. 41). More or less elongated with un 
paper pezoidal section of a manganese sulphide crvstal broken outlines, according to the deformation of the material 
a ~ = ’ (Fig. 27, p. 43). Sometimes associated with oxide (silicate) 
in Sta shire cold-blast phosphoric iron. This crystal (Fie. 92 
: > . ‘ : g. 92, p. 116). 
has m he appearance of some of those referred to in “le. pig-inon a3 typical deadtites as well 2s in the shape 
the discussion which follows. of rounded grains —diameter about 2-10 #. The same colour 
It docs not appear that Wohrman* observed crystals of as in steel. The dendrites occur independently of the grain 
man gat sulphide in any of the materials used by him in boundaries, and consequently are often encountered in 
the co of his investigations on inclusions. He states pearlite (Fig. 28, p. 43). See also Wast and Laval, photo- 
that p langanese sulphide inclusions exhibit ordinarily micrographs 1 and 2, p. 478 
distinct sicleton crystal outlines, and that solid solutions, The occurrence of crystalline manganese sulphide in 
rich in manganese sulphide, appear in cast metals in the chilled iron, so far as the author knows, is unrecorded in 
form of very fine globules. However, he does not show the literature. It was felt that a brief note on the subject 
photomicrographs of crystalline manganese sulphide of the might be of interest. 


type referred to by Allen, by Levy, and by the author in the 


The appearance of such crystals in an unetched sample 
present note, 


of chilled iron at a point approximately 1 centimetre in 


Benedicks and L6fquist, in their book,‘ describe the from the chilled edge of the block examined is shown in 
morphology of manganese sulphide in the following terms, Fig. 1(a) at a magnification of 750 dia. Here can be seen : 





Fig. 1 (a) left and (b) right 

Photomicrographs Illustrat- 
ing Effects on Crystals of 
Manganese Sulphide of Im- 


: ; 
mersing a Polished Sample in 
&) 
—_ 





10 per cent Chromic Acid So- f 
lution for 5 Mins. Magnifi- 
cation 750X. Fig. 1(a) is un- 


é tched. 
4 . . ‘= 
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. : 








AUGUST, 1937 


Nm 
hN 
— 








































2—Reproduction of Photomicrograph by Allen, Showing Manganese Sul- 
phide Crystal in Gray Cast Iron. Magnification 3000X. 


sections of six more or less perfect crystals of the com- 
pound (MnS).* 

Not. For convenience we refer to the compound as manganese 
sulphide and give it the formula MnS, knowing, however, that 


such crystals may not be pure manganese sulphide, but rather mix- 
tures of sulphides. 


The author, not having read Allen's paper, at first 
thought these crystals to be graphite, which in nature oc- 
casionally occurs in six-sided tabular forms, having indis- 
tinct faces. The color of the crystals seen in cast iron is 
not far different from that of graphite, as may be observed 
if comparison be made between the color of the manganese 
sulphide crystal shown in Fig. 29 of Allen’s paper (here 
reproduced as Fig. 2) and that of the small particle of 
graphite which still remains embedded in the trough that 
touches the crystal on its right-hand side. This similarity 
in color is not so clearly seen at low powers as at higher. 

The effect of etching for 5 mins. in a 10 per cent chromic 
acid solution the sample of which Fig 1(a) is a photomicro- 
graph is shown in Fig. 1(b). The sulphide has been com- 
pletely removed as a result of this treatment. 

Boiling, alkaline sodium picrate solution (Kourbatoft’s 
reagent) is generally similar to chromic acid in its effect 
upon manganese sulphide. Fig. 3 (750x) shows an area 
in a sample treated for 11/, mins. in Kourbatoff's reagent. 
Here sections of two crystals can be dimly seen. These, be- 
cause of their attack by the reagent, lie somewhat below the 
surface of the sample and hence are in poor focus. Never- 
theless, the almost perfect square form of the one crystal 
and the trapezoidal shape of the other can be distinguished. 
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Fig. 5—Photomicrograph Showing Sec- 
tions Through Two Manganese Sul phide 
Crystals. Magnification 750X. 
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Photomicrographs of sections showing other crystals are 
reproduced in Figs. 4 and 5. In Fig. 4, which is a photo- 
micrograph at a magnification of 750 diameters of an area 
0.365 in. in from the chilled face of a sample which had 
been annealed for some time at a temperature just below 
the critical, is shown a small, perfectly formed crystal of 
manganese sulphide, similar in appearance to that of Allen 
(shown in Fig. 2). 


In Fig. 5, which is a photomicrograph (750x) of an area 
not far removed from that shown in Fig. 4, are shown sec- 
tions through two other manganese sulphide crystals, these 
lying at such angles as to disclose areas triangular and quad- 


rilateral in 
primauste 
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Both crystals in Fig. 5 are embedded in 
| ferrite. 


nganese sulphide crystals are distributed at ran- 


wit the structure of chilled iron. 


ion arises: Why should the sulphide inclusions 
found in cast iron differ in form from those 
ound in cast steel ? 
hy sulphide inclusions are sometimes crystalline 


The real problem here is 


s spheroidal in shape. 
it that some sulphide inclusions do not freeze 
steel in which they are found has solidified. 
pect these inclusions when solid to be spher- 
uuse they remained liquid after the steel 


1e author that when sulphide inclusions re- 
r the steel has set, their final form would 
y the growing limbs, branches, and twigs 
in which they were enmeshed. Liquid in- 
offer little or mo more resistance to the 
s of the dendrites, plastic though the latter 
would the mother liquor from which the 
rystallizing. Hence, in the solid steel the 
id exhibit the irregular outlines which oc- 
cterize sulphide inclusions. 
able that some sulphides which solidify in 
eratures above the liquidus of steel acquire 
ine while others acquire a spherical shape. 
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In the former case the interfacial tension of the sulphide is 
greater in its effect than are the forces of crystallization; in 
the latter it is less. Spherical sulphide particles, once 
formed in the liquid steel, if sufficiently rigid at lower tem- 
peratures to withstand without deformation the pushes and 
pulls of the growing dendrites, will appear in the solid 
steel as spheres, while crystalline sulphide particles, once 
formed in the liquid steel, given the same general prop- 
erties, will appear as crystalline inclusions in the solid steel. 

It does not seem altogether impossible that crystalline 
sulphide particles formed in solid steel, could as a result 
of a change in the interfacial tension, transform into spher- 
ical inclusions in the solid steel. 

Speaking generally, however it would appear that the 
tendency for sulphides, whatever their composition, to form 
crystals rather than spheres in liquid steel or cast iron in- 
creases as the temperature of the melt is lowered, so that 
sulphides which in steel are trapped as spheres in cast iron 
are found as crystals. The point that the author would 
like to emphasize is that, because an inclusion is spherical 
in shape, it does not of necessity mean that it remained 
liquid below the solidus of the alloy in which it is found. 

That the sulphides in steel may be generally different 
from the sulphides in cast iron may, of course, account for 
the usual differences between the shapes of the inclusions 
in these materials. It seems more likely, however, that 
physical, rather than chemical, influences are the more im- 
portant in the connection. 

Note: Native manganese sulphide (Mns)—Alabandite- 
is isometric-tetrahedral; usually granular massive. Cleav- 
age: cubic, perfect (Dana, “Text Book on Mineralogy’’). 
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Death came to Robert A. Bull unexpectedly on Wednesday 
night, July 28, 1937, at the home of a friend and client, Mr. O. 
M. Kilby, President of the Kilby Car and Foundry Co., in Annis- 
ton, Alabama. He died in his sleep, the victim of heart failure. 

The news of “Bob's” passing comes as a tremendous shock to 
his countless friends, endeared to him by his unusual warmth of 
feeling and capacity for friendship. My own sense of grief at his 
passing is especially profound, as it has been my very good fortune 
and great pleasure to have shared his friendship for twenty-five 
years. 

At the time of his death Major Bull maintained a widespread 
consulting practice, particularly to the steel foundry industry, of 
which he has justly been called the outstanding authority. The 
success of his practice was merited not only by his wide practical 
experience in the foundry industry, but by his education as a 
metallurgical engineer. Coupled with these was his unusually sound 
judgment, based on a constant, insistent demand for the facts 
concerning every situation. 

He was born at New Albany, Indiana, June 28, 1874, received 
his B. A. degree from Butler College in 1897 and his M. A. from 
St. Louis University in 1914. From 1893 to 1920 he was asso- 
ciated successively with Robert W. Hunt and Co., various steel 
foundries and the U. S. Army Ordnance Dept., A. E. F.; he was 
commissioned Major in the Ordnance Reserve Corps. From 1920 
to 1934 he was Director of the Electric Steel Founders Research 
Group. He has been a frequent contributor to metallurgical litera- 
ture, with a long list of published material. 

Major Bull was a member of every important metallurgical or 
foundry society in this country and two in Britain, and of other 
scientific or government-service associations. In the work of the 
Amer. Foundrymen’s Assoc., the Amer. Soc. for Testing Materials, 
the Amer. Soc. for Metals and the Steel Founders Soc. of America 
he has for many years taken an active part, with a long list of 
committee assignments, to which he devoted a tremendous amount 
of time, energy and sincere effort. At annual conventions his 
schedule of meetings was so crowded that he seldom enjoyed the 
usual relaxations offered by such occasions, although he never 


Major Robert A. Bull 


1874-1937 


lost an opportunity for a friendly chat with his nds in the 
corridors, at meals or after his long day's work wa: done, 

His efforts in behalf of the Amer. Foundrymen’s Assoc, were 
unusually valuable and he was elected to its presi acy in 195 
and 1916; probably his most significant accomplishn. ot since was 
the organization and leadership of the National Rescarch Council 
Committee on Molding Sand, organized in 1921. In 1927 he was 
awarded the Joseph S. Seaman medal for his unmremi ting and con- 
scientious work in connection with the affairs of Association 
and for his standing and accomplishments in the foundry industry. 

No person could have been held in higher esteem by his friends. 
And just as one always felt better for having been in his company, 
so has he permanently and immeasurably enriched the great indus 
try he served so well.—G. H. Clamer. 


Bob Bull completed over 40 years of service to the steel castings 
industry and died in harness, as he would have preferred. . 

He felt that a technician must give as well as take, and in dis 
cussions at meetings, in private talks, and by correspondence, he 
was always helpful. His work on the Editorial Advisory Board 
of METALS AND ALLoys was an example of the unselfish interest 
he took in everything tending to advance foundry metallurgy and 
foundry practice. we 

Although his war service with Ordnance gave him the title 0 
Major, he was “Bob” to his friends, and his friends were all who 
had contact with him. A positive personality, always standing up 
for the right—no one was ever in doubt as to Bob's convictions— 
his sincerity brought respect and love from all his associates. More: 
over, to Bob a man was never just John Jones of the A. ae 
Company; he was interested in John Jones as a person. He | 
people, and liked to help them. His Christmas cards were interest 
ing little essays, expressing his own personality. 

One’s first thought on hearing of his death is 4 personal one, 
the loss of a dear friend; the second, that the foundry industry 
has lost a technical leader, one whose influence will live long— 
H. W’. Gillett. 
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NOTES ON THE GRAIN SIZE OF 


Cast Ni-Cr Heat-R esisting Alloys 


by F. K. Ziegler and L. B. Haughwout 


Metallurgical Engineer and Radiographer, 
Respectively, The Electro-Alloys Co., 
Chicago 


NVESTIGATIONS OF THE MICROSTRUCTURE of 
the high nickel-chromium alloys have been undertaken 
for several years, chiefly by the manufacturers and by 
laboratories such as that maintained by the Union Carbide 


& Carbon Corp. The small amount of published informa- 
tion on the microstructure of these alloys is probably a re- 
sult of a lock of widespread interest in their fundamental 
properties While much of the information obtained upon 
the behavic: of these alloys under various service conditions 
has been crrelated with the carbide formations, little study 
has been riade of grain size. Since recent advances in fur- 
nace const: tion have made advisable a closer study of the 
physical p: perties, more accurate metallographic informa- 
tion is requ: red. 

There is | ttle difficulty in showing the grain boundaries 
in the low carbon rolled alloys of the nickel-chromium 
series, (35°, — 65% Ni; 15% — 20% Cr), but where 


large quantities of the carbide constituent are present, as in 
the commercial alloys used for castings, (0.40% — 
0.75%), attempts to show grain boundaries are often con- 
fused with the carbide formations which are clearly brought 
out. Because existing microscopic methods failed in so 
many instances to give reliable information on grain size, 
and because the apparent grain size indicated by the photo- 
micrographs was not always consistent with existing 
theories, the authors applied methods of X-ray diffraction 
analysis in an effort to obtain more accurate information. 
In making these studies, some apparent anomalies were 
discovered which resulted in the formation of new ideas on 
the microstructure of these alloys. Collaboration by the 
Union Carbide & Carbon Research Laboratories with the 
authors resulted in the verification of these ideas and the 
development of suitable metallographic methods of grain 
size determinations. 


Two Distinct Types Involved 


We may divide the microstructure of the cast alloys into 
two distinct types according to their appearance. There 
are, of course, various intermediate structures. The first 
type which is typical of most of the alloys in the as-cast 
condition is that in which the carbides are arranged in a 
More or less regular fashion having the general appearance 
of a network, Fig. 1. In this type of structure, it has been 
generally assumed that the grain boundaries followed the 
ines Or stringers of carbides which make up the network. 
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The second type of structure is that in which the car- 
bides are arranged at random with little or no evidence of a 
network. This type of structure is typical of the alloys 
after they have been subjected to high temperatures for long 
periods of time in commercial service. It is occasionally 
found in certain types of castings in the as-cast condition. 
In this type of material, the common etching reagents used 
to bring out the carbide structures reveal little if any reliable 
evidence of grain boundaries. 

It seems logical to assume that the easy exposure of the 
carbide particles is due to the ready attack of the etching re- 
agent at their boundaries, which, if we accept the chromium 
impoverishment theory of Bain, are lower in chromium than 
the balance of the grain. By the time that the actual grain 





Fig. 1.—Carbides Arranged in a More or Less Regular 
Fashion Having the General Appearance of a Network. 
Magni ficatio n 100X. 


boundaries are attacked, the specimen is so stained by the 
end products of the etching reaction that it is impossible to 
get an idea of the true structure. In view of these facts, 
methods of X-ray diffraction analysis were applied to the 
problem of determining the grain size of these alloys. 
















In making the Laue photographs, the unfiltered radiation 
from the tungsten target of the X-ray tube employed in the 
routine radiographic inspection of castings was used. The 
tube was operated at 200 Kv. and 5 milliamperes. The 
aperture nearest the tube was 0.070 in. in diameter. The 
second aperture was 0.035 in. in diameter and was sepa- 
rated from the first by a distance of 4 in. A small lead 
absorber was placed over the center of the film holder to 
prevent undue scattering by the primary beam. 

The specimens were cut out with a hacksaw, ground to a 
thickness of 0.125 in. and etched to a final thickness of 
0.075 in. It was found that this thickness gave a more 
representative pattern and was easier to prepare than the 
thinner specimens usually employed in this kind of work. 
The time of exposure was only 15 mins. Several hundred 
patterns were made in the course of this investigation. 



















Several Interesting Facts 






Preliminary X-ray diffraction studies on alloys having 






























well defined carbide networks disclosed several interesting as , Figs. 

facts. - Sy : 

, ; 

d 

fy 
in. A, 
Lit 
; : 
j Pats 
. Ks, f | 
ee , 
‘ - 
s] i. 3 
PART A PART B . / 
Fig. 2.—A Piece of High Carbon 65 Ni-15 Cr Alloy , PT Bays 4 at cA. . 
Which Had Not Been In Service (Part A) Welded to a woods Dee bf } ’ 
Piece of Similar Alloy (Part B) That Had Been in Com- et? Fi 
os a ‘ . * ; ng tN: ee f+3 , 

mercial Service Several Thousand Hours. A is as-cast and vate brs nee O83 2, ‘ 
B is removed from service. Magnification 1.5X. ‘tet 0 
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First: For a given alloy, no consistent correlation could cl 
be found between the micrographs and the diffraction pat- n 
terns, d 

Second: The grain size as shown by the diffraction pattern f, 
was very much larger than that indicated by the carbide 
network. While it was reasonable to expect that patterns at 
made on these alloys would be slightly different from those p 
made on steel, the results were so vastly different that any F 
explanation based on a difference in material or crystal tc 
structure was not reasonable. tr 

Third: In spite of the above mentioned inconsistencies th 
with the existing theories, there was one point worthy of m 
note. Diffraction patterns made on thin cast sections ta 
showed a finer grain than patterns made on thick sections, fi 
provided both were cast under the same foundry conditions. in 
A natural assumption is that the thin sections are of finer 
grain size than the thicker ones because of the chilling ac- E 
tion of the mold. 

The disparity that existed between the microscopic and th 
diffraction methods is best illustrated by the following case | oi 
which is taken from an investigation on the properties of Figs. 3, 4 & 5.—Photomicrographs of the As-Cast Materia ~ 
the alloys which affect their weldability. (See “Welding (Top), the Weld, Low-carbon (Center), and the Materia di 
of High Nickel Chromium Alloys,” Metal Progress, Oc- (Bottom), Part B of Fig. 2, That Had Been in Commercial be 
tober, 1936). Fig. 2 is a photograph (about 1.5X) show- Service. Magnification, all 100X. re 
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ing e of high carbon 65 per cent Ni, 15 per cent Cr 
alloy h had not been in service, (part A), welded to 
a pl similar alloy, (part B), that had been in com- 
meri vice for several thousand hours. The welding 
rod as a commercial coated rolled rod of low carbon 
65-1 . Ordinary shop practice was used in making 
the v Figs. 3, 4, and 5 are photomicrographs of the 
as-cas rial, the weld, and the material that had’ been in 
comn service respectively. The grain boundaries are 
clear! ght out in the low carbon weld metal. 

Th raction patterns, Figs. 6, 7, and 8, corresponding 
to Fig i, and 5, indicate that the as-cast material has 
larger is than the weld metal and that the weld metal 
has las ‘rains than the material that had been in service. 
The d ion pattern and the photomicrograph of the 
weld 1 ire similar to what we would expect to find in 
other 1 ; having about the same grain size. Obviously 


the photo micrograph of the as-cast material, Fig. 3, and the 
correspo:ding diffraction pattern, Fig. 6, are not in agree- 
ment if we assume that the carbides delineate grain boun- 
daries. However, the diffraction patterns appear to be in 
fair agreement with the macro etch, Fig. 2. 
By etching with a mixture of chromic and hydrochloric 
acids, (5 parts 10% aqueous chromic acid solution, 25 
parts concentrated HCl), and using polarized light, Dr. 
Forgeng of the Union Carbide & Carbon Research Labora- 
: tories was able to obtain photomicrographs showing the 
: true grain size of these alloys. Fig. 9 shows portions of 
: three grains in the as-cast material. Fig. 10 is a photo- 
micrograph of the material that had been in service, part B, 
taken with ordinary illumination, and Fig. 11 is the same 
field taken between crossed nicol prisms. These results are 
in excellent agreement with the diffraction patterns. 


Effect of Carburization 


In studying the effect of carburization, it has been noted 
that probably the most drastic non-destructive change in the 


sid microstructure of the high nickel-chromium alloys is that 
oF which occurs in the thin layer of metal which has been in 
“id direct contact with the carburizing medium for a long 


period of time. This change is shown in Figs. 12 and 13 
representing a casting that had been in commercial service 


y¥ $ 
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Figs. 6, 7 & 8.—Diffraction Patterns Corresponding Respectively to Figs. 3, 4 & 5. 
4° ‘ ’ .¢ : ¢ 2 < 
Portion B (center) is the weld metal. 


for 8,500 hrs. Not only is there an actual penetration of 
carbon for a short distance, Fig. 12, but the original car- 
bides are broken up and rearranged throughout the section. 
The carbon content of the inside surface is 1.53 per cent 
and that of the outside surface 0.53 per cent. The diffrac- 
tion patterns, Figs. 14 and 15, show that the penetration 
of carbon has very little if any effect upon the grain size. 
Fig. 16 is a photomicrograph taken near the carburized sur- 
face showing the true grain size. 


Conclusions 


In view of the above facts, we may draw the following 
conclusions. 

1.—The carbide network does not necessarily bear any 
relation to the actual grain boundaries in the high carbon 


Fig. 9.—Portions of Three Grains in the As-Cast Metal of Fig. 
Magnification 100X. 
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Portion A (left) is the “as-cast” metal and 
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Fig. 10.—Photomicrograph of the Material That Had Been 
in Service (Part B of Fig. 2). Magnification 100X. 


cast alloys. A few apparent exceptions have been noted 
in which grain boundaries appear to follow the carbide 
network. Conditions of this kind are more prevalent 
around areas of high casting stress and are probably minute 
hot tears caused by the concentration of stress within the 
grain. 

2.—After being subjected to high temperatures for long 
periods of time, these alloys undergo considerable change 
in their microstructure. The original network structure is 


Fig. 12.—Structure Near Outside of Casting, Exposed to 
Furnace Atmosphere. Magnification 100X. 
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Fig. 11.—Same Field as Fig. 10 Taken Betu 
Prisms. Magnification 100X. 
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broken up, resulting in a random distribution o! carbides, 


There are indications that the grains undergo s|i ght 


frag- 


mentation over long periods of time in commerc:al service. 
This is indicated by the increase in the number ©: doublets 
and radial asterism in the diffraction patterns. Further- 
more, the migration of carbides under service . onditions 
and the increase in the number of carbides due ‘o the ab- 
sorption of carbon under carburizing conditions .\o not ap- 
pear to have any marked effect on the true griin size of 


Fig. 13.—Structure of Highly Carburized Insid: La) 


er of 


Casting. Exposed to Carburizing Gases for 8500 bis. 


Magnification 100X. 
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Diffraction Pattern of Same Avea as Fig. 12. 


ys. This supports the theory that the carbides, 


probably nothing but interdendritic filling, have 
relation with the true grain boundaries of the 
ickel-chromium alloys. 
ng methods aimed to bring out carbides do not 
ie grain boundaries in the cast alloys. While 
possible to bring out different grains within cer- 
ns by using the hydrochloric acid-ferric chloride 
sults are not reliable because the individual 
tained unevenly and their boundaries are not al- 
d. This etchant gives best results on material 
n in service for some length of time. 


hotomicrographs of Same Area as Fig. 13. 
8 § 


Fig. 15.—Dziffraction Pattern of Same Area as Fig. 13. 


4.—It is apparent that the grain size of the cast nickel- 
chromium alloys is very large and that lower magnifica- 
tions than 100 diameters should be used. In fact, for the 
thicker sections, a macro etch will give satisfactory visual 
information in many instances. For mic rOscopic grain size 
determinations, the CrO.—-HC]I acid etch and crossed nicol 
prisms method suggested by Dr. Forgeng are recommended. 

Of the accompanying illustrations, the following were 
made by the Union Carbide & Carbon Research Labora- 
tories, Figs. 3, 4, 5, 9, 10, 11, and 16. The authors ac- 
knowledge with thanks the assistance of Dr. Forgeng for 
his comments and his preparation of these illustrations. 


Taken Near the Carburized Surface Showing the True Grain 


Size. A (left) is ordinary illumination and B (right) taken with Nicol Prisms. 
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AT ROOM AND ELEVATED TEMPERATURES 


Phy Claus G. Goetzel 


Metallur: 


LTH‘ 
best 
used 


t Hardy Metallurgical Co., New York 


GH THE BINARY TIN BRONZES are among the 
wn copper alloys, and have been commonly 
ice antiquity, our knowledge of their general 
s and of their best performance is still rather 
r this reason alone, any examination of their 
ywever systematic, should be welcome; the real 
ie work reported here, however, was to estab- 
e means of comparison between four standard 
nd other bronzes, and so to construct a suitable 
study of the more complex alloys in which 
d, partly or completely, by aluminum, silicon, 
zinc or lead. 
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© The ma‘<rials studied were binary tin bronzes of copper- 
» tin ratios 6, 90/10, 86/14 and 80/20 (German Stand- 
| atd Bronzes Bz 6, GBz 10, GBz 14 and GBz 20, respec- 
» tively). The alloys, prepared according to the German In- 
) dustrial Standard DIN No. 1705, pages 1 and 2, were 


» €xamined in the cast condition and after annealing; the 


study of the 94/6 bronze, nominally a rolled material, was 
included merely for comparison purposes. Data were se- 
cured on clastic limit, proportional limit, yield strength, 
tensile strength, elongation, etc. at room temperature and at 
100; 200, 300, 400 and 500 deg. C.; the Brinell hardness 
Was Measured at room temperature and at 100, 200 and 


3 300 deg. C. 


Preparation of Samples 


The following metals were used in preparing the alloys: 
Electrolytic copper (0.001 Pb, 0.0004 Bi, 0.003 H., 0.004 
Fe, 0.0025 per cent Ag, trace As); Straits (““Banca’’) tin 
(0.02 Fe, 0.02 Cu, 0.02 Pb, 0.02 Sb, 0.02 per cent As) ; 
Phosphor-copper, (1 per cent P, commercial). 


Melting and Casting 


; A 90 kg. charge of each of the four alloys was melted 
i eat a protecting cover of charcoal in a forced 
destin Ange In order to obtain identical alloys a 
all et eeradiaian used; after the first melt the 

oyS were cast into ingots in iron molds and these ingots 
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were then remelted. For each charge 0.011 to 0.045 per 
cent P was added as a deoxidizer, during both of the melts. 

The physical tests required the casting of 24 tensile spect- 
mens for each of the four alloys. Twelve raw cast rods had 
to be cast from each alloy; from each raw cast rod one cast 
and one annealed specimen were obtained. These rods had 
a diameter of approximately 1 in. and a length of approxi- 
mately 15 in. The forms were made in such a manner 
that each mold consisted of four raw cast rods. The molds 
were horizontal sand molds, constructed with large gates 
(3, in. in diameter, 4 in. high) and equally large risers 
(4 in. in diameter and 4 in. high). The opening between 
the rods and the gates (inlet) had the same diameter as the 
rods themselves, so that pipes and shrinkage in the raw 
cast rods were avoided. The inlet became considerably 
thicker towards the gates and towards the risers. 

The molding material was the sand customarily used in 
foundries for molds. The molds were dried for approxi- 
mately 18 hrs. at about 350 deg. F. and the metal was 
poured while they were still warm. The graphite crucibles 
were carried to the molds and the alloys cast slowly and 
with medium stream while the metal was very hot, (ap- 
proximately 2300 deg. F.) After casting the gates and 
risers were immediately covered with a handful of char- 
coal, in order to promote a suction of the casting out of 
the gate and riser. 

When they had cooled, the castings were carefully 
marked, and the gates and risers cut off. The castings and 
scrap materials were reweighed, and chemical analyses were 
made of the four alloys. The results are shown in Table I. 


Annealing Treatment 


The annealing treatment was as follows: Each of the 
raw cast rods were sawed into two tension test specimens 
and one slug for Brinell hardness tests. Half of the samples 
were annealed in an electric furnace according to the 


‘scheme shown in Table II. The temperatures and the 


time of annealing were selected from practical experience. 
The rods were allowed to cool slowly in the furnace. 
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Table |. Results of the Chemical Analyses 


Analyses after Test I 
ies 








sncncasiialiaitien icici “atte % 
Mixture 
Button Test of Sawings 
RCA A geen, UE ae om? 
Material Cast-bar Cu % Sn % Pb % Sn % P&% 
WBz 6 1 6.26) 
(94/6) 2 94.40 5.45 0.13 6.57 >} 0.021 
3) 6.72} 
average 94.40 5.45 0.13 6.52 0.021 
GBz 10 1) i 10.22 
(90/10) d 90.90 9.09 eo 10.28 0.012 
J) — 10.40) 
average 90.90 9.09 aaa hs 10.30 0.012 
GBz 14 ] 14.09} 
(86/14) 2 86.05 13.90 trace 14.15} 0.018 


14.16) 
average 86.05 13.90 trace 14.13 0.018 


average 80.00 19.95 


Mechanical Treatment 


The shape chosen for the tension test pieces is shown 
in Fig. 1. The specimen had a diameter of 10 mm and 
a gage length of 100 mm and was threaded at each end. 
(The test piece did not correspond to the standard of the 
A.S.T.M.) The specimens for the tension tests at elevated 
temperatures received a special machining. All specimens 
were cleanly turned down but not ground. They were sub- 
divided into 20 divisions each 0.5 cm., in a special sub- 
dividing machine, in order to get accurate measurements 
of the elongation on the ruptured test pieces. The Brinell 
slugs were prepared for the tests by grinding and polishing 
the two cut surfaces parallel to each other. For the Brinell 
tests at elevated temperatures the slugs were turned down 
to 24 mm and machined to a special shape, so that they 
could fit into the testing device. 


Testing Equipment and Procedure 


The average of at least five tension tests of the cast and 
also five of the annealed test pieces were taken for each 
alloy. The machine for the tension tests at room tempera- 
ture was a ‘‘Mohr & Federhaff” five-ton tension machine 
with hydraulic drive and automatic pendulum weight ad- 
justment. The elongation of the test pieces up to the yield 
point was measured by means of the Martens’ optical 
precision extensometer and from then on with a per cent 
scale attached to the test piece. The experiments were 
conducted in accordance with the standard methods of the 
A. S. T. M. 

Stress-strain values were plotted for each sample, accord- 
ing to the method approved by the A. S. T. M.; the in- 
dividual curves, which cannot be shown because of their 
great number, permitted in each case the location of the 
various yield points such as the 0.003 per cent elastic limit, 
the 0.02 per cent (first) and the 0.2 per cent (second) 
yield points. On the broken test pieces, the elongations 
were determined according to the German Standard Regu- 
lations DIN No. 1650, page 1. The average elongation 
away from the fracture (symmetrical elongation) and the 
elongation at the fracture (constriction elongation) were 
also determined, but appear of minor importance. The 
reduction of area was determined and exact observations 


Table If. Heat Treating Data of the Rods 


Annealing Time 


Annealing Temperature, approximately, 


Material Deg. C. (Deg. F.) min. 
WRBz 6 (94-6)....... 900 (1652) 30 
GBz 10 (90-10)...... 780 (1468) 300 
GBz 14 (86-14)...... 780 (1468) 360 
GBz 20 (80-20)...... 780 (1468) 420 
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were taken of the ruptured specimens with regard to sur. 
face conditions and the fractures. 

In order to obtain an exact idea of the static mechanical 
properties of the four bronzes at elevated temperatures , 
tension test on an “‘as cast’’ piece and on an annealed sie 
piece was made from each alloy at 100, 200, 300, 49 
and 500 deg. C., to which supplementary tests were added 
as far as it was necessary. For these tests a 50-ton tension 
testing machine constructed by Martens with a hydraulic 
drive and beam arm weight adjustment was used, As an 
elongation measuring device, a Martens mirror extensom- 
eter was again used in these tests, up to the yield Point. 
With the exception of changes in cotisttuction, the device 
consisted principally of a different measuring spring equip. 
ment. “‘Nichrothermsteel’” (similar to Invar) was used ip 
the construction of the optical precision extensometer for 
these tension tests at elevated temperatures, for the meas. 
uring springs, rings, etc., because of the heat effects. The 
electric furnace used was so attached as to be an integral 
part of the testing machine during each test. The heating 
coil was wound on a quartz pipe and was divided into an 
upper and a lower heating coil so that the testing tempera- 
ture could be accurately regulated. A protecting per. 
forated iron tube was placed inside the quartz pipe to pre. 
vent damage of the latter at rupture, and the test piece itself 
was screwed into double sockets within the pr -cting tube. 

Except for the size of the tensile specimens and the test- 
ing temperatures, the procedure corresponded to the regula- 
tions of the A. S. T. M. The uniformity of temperature 
over the gage length, and sufficiently beyond ‘o bring the 
elongation during testing all within the zone of uniform 























ciactnepticstinas il achmtead acc yetoet! kalba (torn - <<" ~~ nee 
Porm ewe eae (Sou, «== a= > 
RS ae 69 ee fon, ° “4-2 = | 
a ae lO5mmM, -- 7-4 =- r 4 | | 
a ee ee E } 
= All) 
S 
R Ts 




















Ring mark W6x 2/10 mm-- - 
Fig. 1—Shape and Dimensions of Test S/ecimen. 


temperature, was given and covered also the A. S. T. M 
regulations. The thermocouple hot-junctions were attached 
to the upper and lower end of the gage length and were 
protected by asbestos pads from direct radiation from the 
heating coils. The temperature difference between the 
upper and lower end of the specimens in no case exceeded 
3 deg. F., and the range of the testing temperature was 
always within 8 deg. F. These close ranges were made 
possible by using an upper and a lower heating coil, so that 
the testing temperature could be accurately regulated. The 
heating coils were controlled by a precision ammeter and 
were manually regulated during a heating period of at leas 
1 hr. by resistances. 

During the tests the specimen first was loaded to 4p 
proximately 80 per cent of the expected yield load; then 
the load was released and again the specimen loaded to 
approximately 85 per cent. Thereafter the load was © 
leased and for each successive loading an additional > pt 
cent added, until the 0.2 per cent limit was exceeded. At 
each load step, the reading was taken after 2 min. of walt: 
ing, then, after the load was released, a reading was taken 
30 sec. later. This was necessary in order to allow sufficient 
time for the stretching of the material. 
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Tensile Strenath,Lbs. per Sa. In.(4hnousands) 


Elastic Limit,Lbs. per Sq.In. (thousands) 


Reduction of Area,Per Cent 
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Elongation (in approx. 2 in.), Per Cent 
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Table I11. Mechanical Properties of the Four Alloys at Room Temperatures 


WBz 6 
(Cu-Sn 94/6) 
| —_ -— . —_--- Sr 
Cast Annealed 
0.2% Yield Strength, Ibs. per sq. in.... 15645 15645 
Fensile ‘Strength, lbs: per., sq. in... 35558 36980 
“Blotimatiog, DEF COM. .veccecccccscccsone 32 40 
Feiwel PRASGUOEE «oc cde weeds cdeccetens 50 51 


cal properties were thus determined in the same manner as 
in the tension tests at room temperature. 

Brinell hardness tests were made on all four alloys at 
20, 100, 200 and 300 deg. C. The apparatus for these tests 
was a 3-ton Brinell press made by Mohr & Federhaff, using 
a hand drive and a weight adjustment by means of a beam 
arm, and a 20-ton testing machine made by Spiess with 
manual or mechanical drive and sliding weight beam arm 
adjustment. The diameter of the testing ball for all tests, 
was 10 mm. and.the testing time 30 sec. At room tempera- 
ture the test load was varied, 500 kg. being the lowest load 
used. With this load the hardness of each of the four al- 
loys was determined -on an ‘as cast’’ and on an annealed 
sample. On‘the 94/6:alloy additional tests on cast samples 
were made with a test'load of 1000 and 1500 kg. The other 
three (casting) bronzes were tested as cast samples with a 
test load of 1000, 1500 and 3000 kg. The loads correspond- 
ed, with the exception of the load of 1000 and 1500 kg., to 
the regulations of the A. S. T. M., namely P == 5 d? = 500 
kg, and P = 30 d? = 3000 kg., where d is the diameter of 
the steel ball. 

For the Brinell tests at elevated temperatures, heat was 
supplied by a small electric furnace with 2 heating coils 
wound on a l-in. quartz pipe. The test ball was centrally 
guided in the middle of the pipe by a small holding device 
made of tin: The ball was placed between 2 samples to be 
tested with tested surfaces facing each other, and pressure 
applied to the samples from both sides, using steel cylinders 
that extended from the furnace and were centered by means 
of a parallel-faced, heavy steel guide. 

The diameter of ‘the spherical impressions was measured 
by means of a microscope which accurately read to hun- 
dredths of a millimeter. Heat was supplied by a small 
electric. furnace with two heating coils so that the heat 
could be better controlled. To determine the testing tem- 
peratures, which were constantly maintained for 5 min. be- 
fore the test was started, one hot junction each was used 
for the upper and lower samples. These junctions were 
clamped into the small holes at the planed sides of the 
specimens. The test ball was centrally guided in the middle 
of the quartz tube by a small holding device, which was 
placed between the samples to be tested. The diameters 
of the impressions were determined in the same way as 
in the tests at room temperature. 


Test Results 


The chief mechanical properties of the four binary Cu-Sn 
alloys studied at room temperature are summarized in Table 
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_GBz 10 GBz 14 GBz 29 
u-Sn 90/10) (Cu-Sn 86/14) (Cu-Sn 89/20) 
fan ais =acc) inte SO Pr Samide 

Annealed Cast Annealed Cast Annealed 

e 

18490 21335 4900—C—i(“‘( “SS 

42670 327 5515 36 0CtC(‘i«‘ 

rt <" or ies 270.34 

60 79 67 120 : 


III. Fig. 2 gives an assembly of curves of the main valyes 
of the mechanical properties of the alloys at room and at 
elevated temperature. 

The mechanical properties of the four alloys at elevated 
temperatures are given in Table IV. The tension values of 
the alloys showed, with the exception of the alloy Cu-Sp 
86/14, no essential difference between their cast and ap. 
nealed forms. 

Fig. 3 shows a comparison between strain-stress dig. 
grams, based on typical examples of a cast and an annealed 
specimen of each of the four tested alloys. In these 


Table 1V. Mechanical Pr-perties of the Four Alloys at Elevated 
Temperatures 
20°C. 100°C. 200°C. 300°C. 40°°C 500°C 


(68°F.) (212°F.) (392°F.) (572°F.) (752°F.) (932°F) 
W Bz 6 (Cu-Sn 94/6) : 


0.2% Yicid Stren: th. 

Ibs. per sq. in. 15,645 12,801 11,379 11,379 11.379 9,986 
Tensile Strength, 

Ibs. per sq. in. 35,538 34,136 31,291 22,757 14.223 15.648 
Elongation, 

per cent ..... 33 32 22 16 3 
Brinell hardness 52 51 47 44 


GBz 10 (Cu-Sn 90/10) 
0.2% Yield Strength, 


Ibs. per sq. in. 19,913 14,223 14,223 15,645 3 «11,379 
Tensile Strength, 

Ibs per sq. in. 45,515 38,403 38,403 25,652 19.913 17,068 
Elongation, 

per cent ..... 45 39 32 10 6 6 
Brinell hardness 62 60 59 57 a 
GBz 14 (Cu-Sn 86/14) 

.2% Y-eid Strength 

Ibs. per sq. in 21,335 17,068 17,C68 17,068 16 9,956 
Tensile Strength, 

Ihs. per sq. in. 32,714 32,714 31,291 24,180 317,068 
Elongation, 

per cent ..... 7 8 9 7 7 § 
Brinel!l hardness 79 77 74 69 sa 
GBz 20 (Cu-Sn 80/20) 

0.2% Yield Strength, ; 

Pe OE. wesas- | seeed 27,024 22,757 +5 5,689 
Tensile Strength, F , 

lbs. per sq. in. 27,024 27,024 27,024 27,024 57 11,379 
Elongation, 

per cemt ..... 0 0 0 0.5 8 15 
Brinell hardness 120 119 110 98 iv va 


diagrams one can observe a clear distinction between the 
ductile materials (94/6 and 90/10 as cast and as annealed, 
and 86/14 as annealed) and the brittle alloys (86/14 and 
80/20 as cast and 80/20 as annealed). Fig. 4 shows the 
Brinell hardness of the 4 alloys, as cast, as a function of 
the test load at constant testing time and using the same 
steel ball of 10 mm. diameter. Of course the values of 
the soft materials at the high test loads are of only relative 
importance, since their determination was subject to certain 
inaccuracies because of the large diameter of impressio® 
and displacement of the material. Fig. 5 shows the mio 
of tensile strength to Brinell hardness as a function of the 
testing temperature. 
(To be concluded) 
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Engineering As A Career 


by Fred P. Peters 


Assistant Editor, METALS AND ALLOYS 


ECENTLY A SERIOUS-MINDED, intelligent young 
Riven his studies at a well-known eastern engineering 

school one-half complete, sought our advice on a prob- 
lem that is all too common today. “Why”, he asked, 
“should | continue to study metallurgy when it is apparent 
that business holds more promise of an interesting and 
profitable career than does engineering? Engineers as a 
group woefully underpaid. Very few of them occupy 
the real!) high-salaried jobs in industry—the majority never 
get bey the routine unimportant work thrust upon them 
in the fi:.t few years after graduation. It seems to me that 
we are pr ducing too many engineers for existing needs and 
opportun ties.” 

A who ly satisfactory answer to his question would have 
to cover 1 multitude of points—the justice of his indict- 
ment, th value of engineering education, the demand for 
trained ineers, salary scales and financial opportunities 
in tech fields, the general future of engineering, etc. 
Here are parts of the answer that we found in a very hur- 
ried sur\ 


Administration 


That plums on industry's tree have gone, in the 
past, more frequently to the business-trained than to the 
technically trained man cannot be denied. This may have 
been due to management's underestimation of the value of 
engineers, to the engineer's frequent willingness to work 
for love rather than money, to lack of professional organiza- 
tion, etc., but most likely it results from the engineer's char- 
acteristic inaptitude for other than technical problems and a 
tathe? naive conception of social, economic, commercial and 
political conditions, which has left him incapable of suc- 
cessfully handling large scale enterprises, particularly those 
involving the general public. In the last few years, how- 
ever, Owing to greater general recognition of engineering 
usefulness and a broadening of the engineer's training, the 
engineer has successfully invaded the field of management. 
Examples familiar to most metallurgists are the careers of 
E. C. Bain and P. D. Merica. 

_ Recognition of the administrative usefulness of engineers 
is becoming increasingly widespread. ‘‘Business—our na- 


oo prosperity, depends more and more on the ef- 
ty the smooth Operation of our production ma- 
Chinery. . . . For this reason more and more of the execu- 


tiv i ini 
és I meet are men with an engineering training. More 


me tee are the business owner, the investor and the 

ra turning the management of industry over to the 
"1 od tt . . e 

Bineer. * Again, “Various studies made by inde- 
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pendent groups concur in showing that two-thirds of the 
engineering graduates are engaged, by the time they have 
been out of college for 15 yrs., in work that is primarily 


executive in character.’"* Also, "70 per cent of all engi- 
neers apparently gain executive responsibility sooner or 
later or haye it thrust upon them. . . . Engineers have large- 


ly become leaders in industry.”* And finally ‘To an in- 
creasing extent industries, utilities and public works are 
dependent upon engineering college graduates for the solu- 
tion of their technological problems, as well as those of an 
administrative and executive character.’ 


Engineering Education 


The importance of the engineer's schooling as prepara- 
tion for an executive career is obvious, and engineering edu- 
cation is in general being modified to meet the new de- 
mands placed on its graduates. The current trend is away 
from the narrow, specialized, highly technical training, 
toward broader curricula stressing fundamentals rather than 
the finest details of specific sciences, and including a greater 
proportion of ‘humanistic’ subjects like sociology, eco- 
nomics, psychology, history and English. According to 
Gilbert E. Doan, ‘Industry as a whole would prefer engi- 
neering graduates of this well-rounded type instead of the 
premature and narrow specialist which it now receives, and 
industry has said so in no uncertain terms. Since both the 
scholars and the industrial leaders are agreed in this matter, 
the trend is likely to develop rather rapidly.”® Elsewhere 
Doan presents a forceful lucid appeal for liberalized tech- 
nical education, concluding ‘‘it (maximum technical train- 
ing without broad mental growth) is bad for the boys, for 
the profession, for industry, and for the nation. The 
specialties should be studied later—when the graduate 
knows which one of a thousand specialties he wants, not 
before.’’® Potter observes the disappearance of the special- 
ized technician and his replacement by a graduate with 
broad fundamental technical background and with greater 
knowledge of people as individuals and society as a whole. 
“The providing of a background of engineering knowledge 
is not being considered as important as development of 
ability to reason logically and to arrive at truth by observa- 
tion and analysis.’’* 

The value of an engineering education under any cir- 
cumstances is lauded by President Compton’ of M. I. T. 
and Dean Kimball* of Cornell. According to their views, 
a mid-course shift from business to engineering might be 
reasonable, but the reverse procedure; would be ill-advised ; 
both believe that a technical training is excellent prepara- 
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tion for any career in industry, Says Compton, ‘“Techno- 
logical education will be increasingly recognized as a most 
valuable preparation for a satisfactory life in this technolog- 
ical world, as well as the mecessary training for that large 
special group who themselves develop, build and operate 
the world’s machinery.” And from Kimball, ‘(The en- 
gineer’s) superiority as an administrator, other things being 
equal, lies in his scientific training and his intimate knowl- 
edge of industrial operations. When to these is added a 
knowledge of accounting and finance, the combination is 
the very best that can be had for work in industrial admin- 
istration of any kind.” Knowles believes it is easier for 
the engineer to become proficient in administrative skills 
than for one without scientific training to acquire the latter, 
while Johnson® claims there is no better foundation for a 
variety of non-technical careers (including the ministry!) 
than a broad general engineering education. It cannot be 
denied that a technical training confers mental habits and 
attitudes of distinct aid to success in administrative fields. 


Salaries 


We agree with our young friend that salary scales in 
technical fields are generally too low, but we do not concur 
in his belief that they are significantly lower than those ob- 
taining among business men with equivalent (in point of 
time) education. In a survey of the engineering profes- 
sion recently published by the Bureau of Labor Statistics'° 
the average annual salaries in 1934 of engineers that had 
been out of college more than 10 years were (1) $4100 for 
men doing engineering work for private companies and 
(2) $3600 for technically educated men doing non-engi- 
neering work; in 1929 these same men had averaged (1) 
$5200 and (2) $6400. For engineers out of college be- 
tween 5 and 10 yrs., average salaries in 1934 were (1) 
$2400 if in engineering work and (2) $1700 if in non- 
engineering work. Although we have no comparative 
data for non-technically educated men, our personal ob- 
servation has been that the foregoing averages are certainly 
no lower than the incomes of men that obtained B.A.’s at 
about the same time. 


The Bureau's figures, of course, reflect the influence of | 


the depression on engineering salaries, and they are there- 
fore lower than such figures may be a few years hence. It 
should be noted, however, that the men in engineering 
fared less badly than did those employed in non-engineer- 
ing work between 1929 and 1934. 


The class of 1925 at Worcester Polytechnic Institute 
conducted an interesting survey of the income of its mem- 
bers in the 10 yrs. after graduation.‘ This showed that 
the maximum salary (not the same man throughout) had 
gone from $2500 in 1925 to $4400 in 1932 to $8200 in 
1934; minimum from $900 in 1925 to $1500 in 1934 
and the median (20th man on the salary scale) from $1500 
in 1925 to $2200 in 1932 to $3000 in 1934. These figures 
agree roughly with the Bureau's, and show that even 
through the depression this group of young engineers main- 
tained a generally satisfactory salary level. In both cases 
the sharp upturn in 1934 is noticeable. It is to be expected 
that engineering salaries in the future will be higher than 
for previously comparable groups, owing to the definite 
trend towards ‘‘professionalizing” of engineers and the 
aforementioned increased recognition of engineering use- 
fulness. 
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Industry’s Needs 


Is there a strong current demand for engineers, or are 
we possibly grinding out technicians faster than indust 
can absorb them, profitably to all concerned? President 
Hotchkiss'? of Rensselaer in a recent article, answers with 
an emphatic negative and claims that industry is eager for 
all the well-trained engineers it can get its hands on, Jp 
our own field we observe today an acute shortage of metal. 
lurgists, so much so that this June found nearly all the 
well-known schools that graduate mining and metallurgical 
engineers able to achieve 100 per cent placement, with g 
greater demand for men than they were able to fill” 4 
W. Gillett!* in a recent editorial warned that we are grady- 
ating too few metallurgists, even if we include the great 
amount of ‘‘good metallurgical raw material in the form of 
chemists, physicists and engineers’ that is always available. 
This shortage of trained metallurgists is echoed in a very 
recent survey of career possibilities in metallurgical ep. 
gineering, which found that starting salaries are high for 
this reason, and that “the qualified and progressive engi- 
neer has better opportunities in metallurgical engineering 
than in any other engineering field for advancement and the 
chance to assume executive responsibilities. The field js 
decidedly uncrowded for men of ability.” 

Metallurgy is among the youngest of sciences, and still 
teething. The technical opportunities, the ncharted 
fields” within it, are legion. In a recent article Gillett 
listed scores of practical metallurgical problems 1s yet un- 
solved, and in concluding, wrote “what we know nd utilize 
is but the tiniest fraction of what we ought to find out and 
utilize. . . . Much that we now think is true and important 
won't be so (in 1956), and many problems now unsuspect- 
ed, will be the center of interest.” 

It is hard to see that there are less opportuni ‘cs in en- 
gineering today than in recent years, or that the :uture, in 
spite of hesitation in some quarters induced by political 
trends, will not offer an even greater field for s: rvice and 
profit to the engineer with the proper training. It would 


indeed be a tragedy for any technically inclined , oung man 
to abandon his real interest because he deems it |acking in 
career possibilities. His ultimate success in ai) line, of 


course, will depend on his own vision, ability an. ontinued 
study, but it is certain to be aided rather than hindered by 
an engineering education. 
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Metallurgical and Commerce News 


Very Heavy Manganese Ore Imports 


Import f manganese ore in 1936 almost established a new 
record approached very close to the record imports of 1926. 
Accordi: . official Government data the manganese ore imports 
_ore containing approximately 50 per cent manganese and known 
as metal!rgical ore—the record for 1936, compared to a period 
of yeas s follows in gross tons of manganese content includ- 
ing 19 1ate 

\ Total Imports Tons per Month 
hia oe see GIG,L82 50,840 
sg kA Gea Oe 708,400 59,000 
eer re Oe 617,700 51,400 
ehcet aa acca. ee 34,900 
rer. Lake 648,800 54,000 
nh ee Tae 562,600 46,900 
Tere re eny yf 490,600 40,885 
i Wega s Gear tie 110,634 9,220 
a ks'adaieas ie 288,187 26,015 
OE ey ee 341,338 28,445 
‘pha cseseccns. ae 31,960 
hac eaae wake ebae es 706,607 58,800 
OS.) wewpeviesea te ce 188,175 37,635 

Thus . 300 tons per month for 1936, the imports just fell 
short of ecord of 59,000 tons monthly in 1926 and exceeded 
by a cor ible margin the 1929 imports of 54,000 tons each 
month 

With | eturns for five months of 1937 available, the rate 
this year nall but will probably be increased by the inflow in 
later mont 

The extent of the recovery in the steel industry since the 


bottom of the depression in 1932 is reflected by these imports— 
an expansion from only 9,220 tons per month in 1932 to 58,800 
tons in 1936 or an increase of over six fold. As the steel ingot 


production expands, the imports of ore for the production of ferro- 
manganese must also increase. 


New Steel in the United Kingdom 


A discovery of a new steel known as “Stayblade Max’ is re- 
Ported to have been made in the United Kingdom, according to 
Consul H. M. Wolcott, in the Iron and Steel Fortnightly. It is 
Said to be suitable for working at temperatures up to and in- 
cluding red heat, to resist oxidation in air or steam up to tem- 
Peratures as high’ as 900 deg. C. and to be “quite machinable.” 
It is used for boiler drums, turbines, high temperature reaction ves- 
sels and other units of plants which have to operate at high tem- 
Peratures and stress. It is reported to possess high chromium and 
nickel contents, and also substantial additions of titanium and 
— Its “time yield” value at 550 deg. C. is as high as 
pi en - AL iN., SO it is suitable for working under fairly severe 
he rhonda emperatures, according to our information. It is of 

ic type, and can be formed into various sections. In 


f . . . . od : 
Paks it is already being tried in high temperature turbines in the 
orm of blading, it is stated. 
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BY THE EDITORS 


Consumption of Ferrous Scrap and 
Pig Iron in the United States in 1936 


Domestic ‘consumption of iron and steel scrap amounted to 
36,469,000 gross tons in 1936, an increase of 38 per cent overt 
1935, according to preliminary figures compiled by the Bureau of 
Mines. Total consumption of pig iron amounted to 29,778,000 
tons or 44 per cent above the previous year. The use of pig iron 
as a raw material in the manufacture of steel increased 46 pet 
cent in 1936 whereas the quantity of scrap charged directly to 
steel furnaces increased only 38 per cent. Likewise the increase 
in the use of home scrap in steel making was more pronounced 
than that of purchased scrap. 

The net effect of the relatively greater use of pig iron and 
home scrap in 1936 was to reduce slightly the proportion of pur- 
chased scrap in ferrous materials charged to steel furnaces from 
26.4 per cent of the total in 1935 to 24.6 per cent in 1936. Pro- 
duction of steel ingots increased 40 per cent in 1936. Exports of 
scrap continued at a high rate but were 8 per cent below the 
record shipments of 1935. Prices of iron and steel scrap were 
materially higher in 1936, reflecting the larger domestic demand as 
well as the heavy export trade. Preliminary figures given herein 
for consumption of ferrous materials in 1936 are based on reports 
from concerns accounting for over 95 per cent of the total con- 
sumption. Consequently, in view of the large coverage, final fig- 
ures to be released at a later date should not show any substantial 
revisions. 


Trends in Actual Steel Exports 


A critical analysis of our steel export data reveals an interesting 
fact—the totals by no means indicate actual sales abroad of finished 
and other important manufactured steel products. The total ex- 
ports of pig iron, ferroalloys, rolled and finished steel, and cast- 
ings are obtained by subtracting from the total export figures, as 
given officially, the amount of scrap exported. The data thus 
compiled and handled are as follows for 1937 and for the six 
previous years in gross tons: 


Total Scrap Actual Tons 
Year Exports Exports Exports per Month 
BEE biwervcssvedes 968,992 136,125 862,867 71,900 
0 SSA a 594,650 227,522 367,128 30,600 
ME Léa ven dew bse 1,341,137 773,406 567,731 47,310 
lo ue Spectres. 2,832,764 1,835,554 997,210 83,100 
+ ¢ MRR ETE ee 3,067 ,336 2,107,814* 959,522 79,960 
SOOO sacs ckhawesdou 3,162,694 1,941,031* 1,221,663 101,805 
1937 (5 mos.) .... 2,790,426 1,651,934* 1,138,492 227 698 


* Includes tin plate scrap. 


Thus the exports of all the manufactured steel and iron—or 
actual steel exports—were down to 30,600 tons per month in 1932, 
the bottom of the depression. The extent of the general world 
recovery, as judged by such exports, is reflected in the monthly 
exports for 1937 of over 227,690 tons. The gradual recovery is 
also shown by the monthly data. 
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American Lead Industry in 1936 


The output of refined primary lead from domestic ore in the 
United States in 1936 amounted to 387,698 net tons valued at 
$35,668,000, according to the United States Bureau of Mines, com- 
pared with 310,505 tons valued at $24,840,000 in 1935, increases 
of 25 per cent in quantity and of 44% in value. The production 
of refined lead from foreign sources amounted to 11,458 tons, 
principally from Peru, Newfoundland and Canada, compared with 
14,055 tons in 1935. The total output of primary lead from do- 
mestic and foreign sources was thus 399,156 tons in 1936, an in- 
crease of 23 per cent over the output of 324,560 tons in 1935. 
The principal sources of production in the United States were again 
Missouri, Utah, and Idaho. 


Demand for Foreign Spiegeleisen 
Expands 


Demand for foreign spiegeleisen has expanded recently to such 
an extent that the imports for the last two years exceed those of 
any years for some time. 

The following table, compiled from Government statistics, fur- 
nishes a record of the imports of spiegeleisen since 1929 inclusive 

In gross tons: 


Year Total Imports Tons per Month 
ARSE ee rs ese ee 13,828 1,152 
nn” it sigue setewerake os Mba 13,406 1,117 
ASS ay ee ee ve 8.364 700 
|, REAR A Ores ere 26,277 2,190 
a POR ED eet rt te 21.234 1,770 
1 OC ere ein ee 32,375 2,700 
Se Ne deere een ce fbn ddbicds 52,018 4,335 
19 2 ES *) OPP ere 6,637 1,327 


With the imports at 4,335 tons per month in 1936 (and 2,700 
tons monthly in 1935) there is revealed the magnitude of this 
movement. In the boom year of 1929 these imports were only 
1,150 tons each month. There has been a decided expansion since 
1933. 

While the American production of spiegeleisen bulks large, the 
imports are becoming more of a factor in total consumption. 


Exports of Steel Scrap At New High 


Despite the agitation in the press of the country early this 


year and the anxiety of many large steel producers, exports 


of steel scrap continue in a large volume exceeding all previous 
records. The following table is an analysis of Government export 
data for scrap iron and steel for a number of years compared with 
the statistics for this year: 


Year Total Exports Tons per Month 
1926. oe .++ 104,738 8,700 
| Pe 4 . 238,303 19,800 
1928 ny ee . 516,139 43,000 
IY AT a5 rig a b ¢."4 atta was ae 557,044 46.420 
IT ince 's 0% *» . 350,499 29,200 
193! Haleea . 135,900 11,325 
oo: ps ey * 027 ,on2 18,960 
). Beir 773,406 64,450 
1934. whet acd « battens . 1,835,554 152,796 
| PATA rn . 2,103,959 175,330 
| PAS ie eee Ge Pe 1,941,031 161,750 
Soe ae MOD oni sksce% es 1,651,934 330,387 


At 330,387 tons per month to June 1, this year, the export 
volume of scrap is now more than double that of 1936. The 
grand average for the last three years—1934 to 1936—was 163,290 
tons per month so that the movement this year is far in excess of 


that average. 


The outgo is still too large. It should be stated that the 


data here include tin plate scrap. 
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Very Heavy Output of 
Ferromanganese 


With the sharp upturn in steel production this year, and despite 
the strikes, there has come a decided increase in the output of fer- 
romanganese by American blast furnaces. The total for the first 
half has been 170,857 gross tons or 28,476 tons per month. Com. 
pared with 1936 and with previous years the authoritative record is 
as follows in gross tons: 


Year Total Output Tons per Month 
bE STERN eo Spee at ye ees 119,493 9.969 
Senn COE \c ss kw dewew bas cco 333,027 27.750 
1929 . eC CC ee oe eeeeseses 335,799 27 820 
1930 Fy canes fav es 276.500 23.040 
1931 212,115 17 67 
1932 57,342 Rt) 
OF Ea eS oS nee ees 136.852 ] 400 
0 Bae A ree ee 124,190 10.350 
3 | a rere ees Pee 185,173 15,43] 
SE, ‘saw kb wed dk ae 6o ss 254,728 21,227 
Spar CB SLD i. he tdc es Oa Lek 170,857 28.476 


Thus at over 28,400 tons per month this year to July 1, the fer. 
romanganese production is 34.5 per cent higher than in 1936. The 
surprising fact is that it surpasses any monthly average in recent 
years, even exceeding the volume for 1929 and the war record in 
1918. 


That the output of this important steel making alloy is a meas- 
ure of the rate of steel ingot output is clearly demonstrated by 
these data. The ferromanganese production is a barometer of the 
trend of the American steel industry. 


Our Steel Exports Now Back Nearly to 
Pre-War Volume 


An analysis of American steel export data reveal: ‘wo inter- 


esting facts or trends—the present volume shows a -radual im 
crease since the low point in 1932; it is, however, b no means 
anywhere near the magnitude of that in 1913 « in 1929, 
just previous to the depression. 

Actual, or real, American steel exports are arrived at by 
subtracting scrap exports from the total outgo. 1e record 
therefore for a period of years, as compared wit! 1913 and 


with 1929, is as follows in gross tons per mont! 


Year : per Month 
Sa eo rt, > eee a .. 242,300 
1929 , a ee San os 5 ak tae baa ees 206,700 
ae Rare ae ee 135,800 
ES RESON Sag 2 beg ed zg. a ae 5 69,400 
1022. Se a a ‘ shes 30,600 
oe eee Vid pkey o en Sek 47.310 
1934 neas ah See ea 83,100 
Sage bg ante Cots ee Ae 78,277 
1936 . Lean wee T 101,800 


TRIE. o oy ne th ee pniet Ga seen 227,698 


1937 (to June 


From these data it is evident that the low point was i 
30,600 tons per month in 1932, generally regarded as the low 
point of the depression. Since then there has been almost 4 
continual advance, except in 1935. According to the latest avail- 
ible Government data, the present volume has reached over 227,600 
tons monthly. 

These facts are very encouraging, if compared with pie 
vious records. Before the war, our actual steel exports { 
reported volume minus scrap) were 242,300 tons pet 
or only 14,600 tons in excess of the present volume. Compared 
with the boom year of 1929, present outgo is 21,000 tons in excess 
of that. 

With conditions as they are at present : 
it is not improbable that these exports will expand rapidly. 
This has already begun in pig iron 


in foreign countries 
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Low Alloy Steel 
Castings 


IN LOGGING AND ROAD 


CONSTRUCTION 


by A. Finlayson 


Metallx: Pacific Car & Foundry Co., Seattle, Wash. 


HEARD A GREAT DEAL during the past two or 

ears about low alloy structural steels and ob- 

their increasing application to all kinds of 
riveted and welded assemblies where reduction in weight 
without ioss in strength is the ever present engineering 
desidera Nearly every major company engaged in the 
manufa of rolled products is at present promulgating 
its ow! ial brand of high strength steel and it must be 
conceded that many of these have fully emerged from the 
experimental stage and are now demonstrating genuine 
engineering and manufacturing economies. 


(A) Pouring Low Alloy Steel from a 3/>-Ton Electric Furnace ip 
the Plant of the Pacific Car & Foundry Co. 


Perhaps the Crucible Steel Co. of America and the Jones 
& Laughlin Corp. may be looked upon as the pioneers in 
this field. These companies started the trend towards low 
or medium alloys with the production of higher strength 
machinery steels in bars, the former with the well known 
‘“Maxel” and the latter with “Jalcase”. However this may 
be, properties representing double the elastic strength of 
mild steel without the sacrifice of ductile qualities are now 
available in any form from sheets and plates through the 
entire catalog of rolled shapes and, as above indicated, 
large tonnages of this material are being consumed, particu- 


Fig. 1—A Logging Yarder, Made Entirely of Steel Castings. 























Fig. 2—This Caterpillar Tractor Has Its Bulldozer Made of Low Alloy Cast Steel. 


larly in the transportation industries in welded assemblies. but the only satisfactory solution to the unique require 


This type of construction is being advocated and in many ments of design and the extreme demands of !oading con. 
instances accepted as a substitute for castings, due, in a ditional to their service in the field. 
measure, to a lack of general information in the hands of Figs. 1 and 2 are photographs illustrating machinery of 
designing engineers regarding the parallel development of this type at work, incorporating such materia! in the prin- 
low alloy steel castings which duplicate in all respects the cipal members, Fig. 1 shows a logging yarde: which re- 


properties and performance of wrought steel products. It sembles nothing so much as a prehistoric moister, work- 
is the intention of this article to indicate briefly the service ing in the fir forests of British Columbia and \\’ashington 
record of a cast steel of this type manufactured by the and, except for bolts and pins, it is made up entirely of 
Pacific Car & Foundry Co. and marketed under the name of castings, The six main castings, namely the boom, struts, 
‘Carcometal.”’ ' reach and fenders, are cast in one piece. Al!!ough con- 

Logging, road building and general construction are ex- siderable experimentation and adjustment required 
amples of activities which impose the most severe demands before all of the difficulties encountered in pouring these 
upon equipment. Yet it is in such applications that steel sections to the specified dimensions had bec mastered, 
castings of the low alloy type have shown unusual endur- they are now manufactured on a production basis entirely 
ance, and in many cases proved to be not only the best, free from cracks or cold shuts. Other illustrations show 


A Cast Steel Boom Yarder Assembled Except for the 


r. Fig. 4—Another View of the Boom Y arder. 
W heels. 
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Fig, 5—A Carload of Boom Yarders. Fig. 6—Heavier Model of a Boom Yarder, 





several of the component parts of this unit, more than 200 recent fatfgue tests have disclosed an endurance ratio of 
of which have been placed in service during the past 3 49 to 51 in the annealed condition. Its capacity ty absorb 
yrs. Fi shows a model of the boom yarder assembled kinetic energy as indicated by Izod and (¢ harpy is unusually 
except | heels. The boom is a full box section as are high, a value which is substantiated in a practical way by 
all oth mbers. Its finished weight is 950 lbs. and is its resistance to repeated shock loading in the described 
11 ft. n. overall in length with a maximum metal applications. However, as it is desired to consider only the 
thickne: lf, in. The lower member, or reach, in the performance of castings made from this material rather 
form of shbone, weighs 1655 Ibs., has an overall length than the chemical and metallurgical aspects of the alloy 
; of 10 | in. and a metal thickness of 54 in. The two itself, we shall leave this as the subject of another discus- 
upright struts, are 6 ft. 2 in. long and weigh 264 lbs. sion and refer again to the illustrations. 
each: ] he boom, they have a wall thickness of 1/, in. Other photographs reproduced show an extended appli 
These casi ngs are molded in green sand, gated at one end cation of the viitque characteristics exhibited by Carcometal 
and poure.| through a single gate. in the creation of castings involving a yet more unusual 
; Figs. © and 7 are examples of heavier models of this design than the foregoing though exposed to stresses of a 
machine. In the design shown in Fig. 7, the reader's more highly complicated nature. In Fig. 8 is pictured an 
notice is cted to the length of the boom which projects assembled bulldozer frame for a Model ‘‘75”’ Diesel Cater- 
nearly 4 beyond the fulcrum point and is severely pillar tractor. Another illustration, Fig. 9, shows how this 
: stressed in service as a cantilever beam. unit is mounted and applied to roadbuilding service. The 
l Carcometal is essentially a low carbon, copper-silicon frame itself, without the moldboard, is made up of two 
steel containing about twice the usual amount of manga- main members joined together at the rear end by a third, 
\ nese. Its composition’ and static tensile properties have or yoke casting. The L-shaped side castings have an axial 
been discussed at length by Gregg and Daniloff?, while length of 191/, ft. and are box section with a wall thick- 
Fig, 7—Another Exam ple of a Heavier Model Boom Yarder. Fig. 8—An Assembled Bulldozer Frame for a Diesel Cater billa 
Tractor. | 
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Fig. 9—The Bulldozer Frame Mounted for Application to Road 


Building Service. 


ness of 544 in. As in the logging yarder, they are single 
piece castings, weighing 1226 Ibs. and are poured from 
one end through a single gate, the metal being thus re- 
quired to run the full distance of more than 20 ft. 

Examples of still greater complexity both in design and 
foundry technique are displayed in other illustrations. Fig. 
10 is the housing, or case, for a double drum geared hoist 
manufactured as adjunct equipment for the boom yarder 
logging unit, although frequently employed in individual 
service. The pouring of this casting at first presented some 
rather vexing problems, requiring ingenious correctives. 
Distortion and unequal shrinkage due to non-symmetry 
were the chief difficulties but adjustments in the pattern 
to compensate for inequalities, together with some changes 
in the methods of gating and core setting, resulted in per- 
fect castings now on a routine production basis. 


Fig. 11—The Housing, or Case, Fully Machined. 
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Fig. 10 shows two views of the case; one just as it is 
removed from the mold and one after having been Cleaned 
and annealed. Fig. 11 shows the casting fully machined 
and ready for the assembly room. In Fig. 12 it js seen 
containing or supporting all the appurtenances of the com. 
pleted hoist, and mounted for service. The general oyeralj 
dimensions of this casting are especially interesting, fo, 
although representing a space volume of some 35 cu, ft it 
weighs only 910 Ibs., and has a maximum metal thickness 
of 7/16 in. 

The next group of illustrations shows how a suitable 
type of low alloy cast steel may be applied in a field for. 





Fig. 10—A Housing, or Case, for a Double Geared Hoist, 





Fig, 12—The Housing, or Case, Supporting Ail the Ap- 
purtenances for the Completed H: 





merly regarded, both by right of competence and enginest 
ing tradition, as the exclusive territory of wrought stue 
tural assemblies mechanically joined. The castings pict! 

in this group are beyond question associated with the most 
rigorous kind of service and, although they replace mem: 
bers which have an average life varying from only 4 iv 
weeks to a few months, no failure of any nature has ever 
been reported in the cast structures even after having been 


rs 
METALS AND ALLOY? 








ome « 









































in use for several years. The illustrations show how low 
alloy steel castings are extended to the main, and most 
severely stressed members, of excavating machinery. 7 Fig. 
3 is a 28-ft. steam shovel boom as it appears immediately 


l : : 
upon shaking from the mold. It is made in a box section 
and has a finished weight of 4400 Ibs. Its greatest width is 


173/, in. and greatest depth 26 in. Fig. 14 is another view 





Fig. 14—Another View of the Boom, Finished and Mounted 





Fig. 1 $-Ft, Steam Shovel Boom As It Appears After | To indicate the extreme flexibility of this alloy in pour- 

| Shaking from the Mold. ing either very light or very heavy sections, a small machine 
aa frame is shown in Fig. 16 and a heavy shafting in Fig. 17. 
The former is for a wood gainer used in shaping car sills, 
Fig. 1 ther Type of Boom Used on a Speeder Shovel. and supports two motors driving knives at high speed. It 
is about 3 ft. long, cast in one piece with 14 in. metal 
thickness and weighs 45 lbs. in the rough. The latter. 
Fig. 17, is a shaft for a 20-ton Norton stone used in a pulp 
mill. It has a rough weight of more than 6000 lbs. The 
length is 15 ft. and the greatest diameter 14 in. For a 
10-ft. shaft rough turned, the greatest diameter is 111/ in. 
and the finished weight 2580 lbs. 

Another unusual casting is the tie tram frame or cradle 
seen in Figs. 18 and 19. It is used in a Rueping tank for 





creosoting ties and although not severely stressed is ex 
posed to warping and corrosion, to both of which condi 


449, 16—A Small Machine Frame of Low Alloy Cast Steei 
Fig. 16 1 Small Mach | fl 1/ 








of this boom finished and mounted with sheaves and saddle. 
Fig. 15 is another type of boom used on a speeder shovel. 
It has a total length of 19 ft. and weighs about 2100 Ibs. 
ri. Sticks for these booms are made in various sizes 

t shovels of all capacities. These sticks are 5 in. x 12 in. 


x 19 ft., full box section with 7, in. metal thickness on 
all sides. 
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Fig. 17—A Heavy Shafting of Low Alloy Cast Steel. 


tions the alloy manifests much greater resistance than the 
ordinary steels of commerce. 

While it would be possible to present examples such 
as these to the point of weariness the foregoing have been 
selected as typical of the various departments of engineer- 
ing service in which low alloy steel castings are not only 
entirely adequate but unique and self-contained to a degree 
not possible in any other type of construction. 

The melting and pouring characteristics of the alloy 
used in the production of these castings lend themselves 
especially to the running of long, thin members as ex- 
hibited by the test sections illustrated in Fig. 20. In this 
respect it much resembles cast iron, and the shortened cool- 
ing time of thinner sections becomes a considerable factor 
in reducing the period to which the sand is exposed to the 
burning action of the molten steel, resulting in cleaner, 
smoother surfaces. The lower melting point of the alloy, 
significantly less than that of ordinary carbon steel, also 


aids in this respect, and as it thus manifests less Shrinkage 
there is less tendency to hot tears or cooling cracks, 


Such castings as we have here described, although tep. 
resenting in themselves a definite advance in the steel foun. 
dryman’s art, are but the forerunner of much greater ac. 
complishments which may be expected from this industry 
in the near future. In the meantime, with high strength 
cast steel available to the designer, definite financia] and 
mechanical economies are indicated by the use of castings, 





Fig. 19—The Tie Frame Assembled in a Cradle Car, 





Fig. 20—Thin Members Which Have Been « with the 
Low Alloy Steel. 





particularly where quantities of any magnitude are required 
from one design. 
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MECHANICAL PROPERTIES OF 


Four Binary Tin Bronzes-—t 


AT ROOM AND ELEVATED TEMPERATURES 


by Claus G. Goetzel 


Metallurgist, Hardy Metallurgical Co., New York 


The results of metallographic tests are shown in Figs. 


6-17. structures except the 80/20 alloy could be 
homogen'zed with this annealing procedure. 

With 94/6 and 90/10 alloys, a different appearance 
of the men surface could be seen on the ruptured test 
pieces tests at room temperature. These differences 
were in ndent of the type of the material, (i.e. whether 
cast of ealed). Figs. 18 and 19 show a variety of 
broken mens, on which one can plainly see that some 
of the aces are finely wrinkled and some coarsely 
wrinkled. Metallographic tests, on the other hand, showed 
for the same alloy two different grain sizes (Figs. 6, 7, 9 


and 10) which also did not depend on the type of the 
material. Metallographic tests on cut-off heads of cast and 


annealed icnsion test pieces of the 90/10 alloy with dif- 
ferent suriaces confirmed the supposition of a connection 
between the various grain sizes and surfaces of the speci- 


mens (Fig. 20). The grain structures of the heads cut off 


Fig. 6.—Grain Structure of the Cu-Sn 94/6 Alloy (An- 
nealed Type), Etched With CrO, +- H,SO,.  Magnifica- 
tion 300 X, 


Concluded trom [Dé Angust Issue 


from the specimens with coarsely wrinkled surfaces show 
large grains and the grain structures of specimens with fine- 
ly wrinkled surfaces show small grains, all of this being in- 
dependent of the type of material. The sketches in Fig. 
21 give a review of the position of the various test pieces 
and Brinell samples in the three castings of the alloy Cu-Sn 
90/10; this plainly shows that there is a relation between 
the different surfaces and grain sizes of the specimens, and 
that they manifest themselves independently of the type 
(cast or annealed) and of their position in the casting 
molds. Regarding the tensile properties, the fine grained, 
finely wrinkled specimens showed no considerable differ- 
ences versus the coarsely grained, coarsely wrinkled samples. 
The fractures of specimens made from the 94/6 alloy at 
the six different temperatures are shown in Fig. 22, At 
20 deg. C. the structure of the fracture was very fine but 
became coarser up to 200 deg. C. At 300 and 400 deg. C. 


Fig. 7.—Grain Structure of the Cu-Sn 94/6 Alloy (An- 
nealed Type), Etched With CrO, 4+- H,SO,. Magnifica- 
tion 3 X. 
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Fig. 8.—Grain Structure of the Cu-Sn 90/10 Allo) ( An- 
nealed Type) Etched With FeCl,. Magnification 80 X. 


the fracture was intergranular, while at 500 deg. C., the 


structure was burnt. 


Critical Analysis of the Test Results 


The foregoing series of investigations offers not only a 
comparison of the properties of each of the separate alloys 
in the cast as against the annealed form at room and at 
elevated temperatures, but also a comparison of the various 
alloys with each other. 

The rolling bronze Cu-Sn 94/6 at room and at elevated 
temperatures reveals no practical important difference be- 
tween the cast and the annealed material. The cast 90/10 
bronze behaved similarly, Cast 86/14, however, in distinct 
contrast to this, has lower tensile strength and elongation 
values in the cast type at room temperature. The values 
for the yield points, for the modulus of elasticity and for 


Fig. 10.—Grain Structure of the Cu-Sn 90/10 Alloy (Cast 
Type), Etched With CrO, + H,SO,. Magnification 3 X. 


Fig. 9. 


Type), Etched With CrO, + H,SO,. 


the Brinell hardness at room temperature are 
the values in the annealed type. With rising t 
the physical properties, for both cast and ann 
rials, decrease in value, with the exceptions of 
tion and reduction of area values in the cas 
occasional overlapping of values is considered 
tical significance. The 80/20 alloy shows no . 
practical importance between the cast and t! 
types at room and at elevated temperatures. 
As a result of these investigations one cai 
under prevailing favorable thermal conditions 
ess of solidification and of cooling of the 94 
alloys, one has already obtained a type of gi 


which, to the greatest possible extent, approach 


homogeneous state, at least in accordance wit! 
type of copper-tin diagram. Evidently it is a d 
ter with the alloys similar to cast 86/14 br: 


Fig. 11.—Grain Structure of the Cu-Sn 86 
(Annealed Type), Etched With FeCl,. Magni fi 


Grain Structure of the Cu-Sn 90/10 . 
Magni f 


Alloy (Cast 
ation 3 X, 


higher than 


mperatures, 
iled mate- 
he elonga- 
type. An 
f no prac: 
tterence of 

annealed 


state that, 


in the proc- 


ind 9 
in structure 
s the ideal 
the earlier 
ferent mat- 
ze, where 


14 Alloy 
ition 80 X. 
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Fig, 12.— Grain Structure of the Cu-Sn 86/14 Alloy (Cast 


: Type), Etched With FeCl,. Magnification 80 X. 
the existing number of crystals resulting from solidification 
and cooling seem to be too great to be balanced during 
these processes, so that a subsequent compensating anneal 
must have an important effect. Again, in the case of the 
80/20 alloy, the normal amount of brittle grains (accord- 
ing to the carlier diagram, 8-crystals, and according to the 
: later diagram, grains of the compound Cu,Sn,) is so 
great that 2 compensating anneal can hardly influence the 
mechanical properties typical of this casting alloy. The 
, relative lack of response of all but the alloy Cu-Sn 86/14 
f to annealing is of some importance. (The variation from 
: results of previous investigations on this line may be ex- 


5 plained as tollows:—in our case the material was not de- 
| formed prior to annealing, whereas in the investigation of 
Rawdon, for instance, differences were found between the 


f | 
i cast material and an annealed material, which was cold 
. worked before the heat treatment). If one combines the 


| Fig. 14.—Grain Structure of the Cu-Sn 80/20 Alloy (Cast 
) Type), Etched With Co per-Ammonium-Chloride. Mag- 
ieaion 80 X. 











« 
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Fig. 13.—Grain Structure of the Cu-Sn 86/14 Alloy (Cast 
Type), Etched With FeCl,. Magnification 500 X. 
alloys tested in groups, 2 different but related groups result, 

namely: 


(1) (2) 
94/6 Cast 86/14 Cast 
94/6 Annealed 80/20 Cast 
90/10 Cast 80/20 Annealed 


90/10 Annealed 
86/14 Annealed 


among which the alloy Cu-Sn 86/14 has a position in the 


middle. 


Table V. Comparison of Cast Alloys Tested with German 
Standard Bronzes. 


GBz 10 GBz 14 GBz 20 
Cu-Sn 90/10 Cu-Sn 86/14 Cu-Sn 80/20 
site “Wi ac"in- EOS prewaedince ‘x Se cvs * te 


Author Standard Author Standard Author Standard 
Tensile Strength, 
Ibs. per sq. in. 45,515 28,446 32,714 28,446 27,024 21,335 
Elongation, 
per cent ..... 45 15 7 3 0 0 
Brinell hardness. 62 60 79 90 120 180 


Fig, 15.—Grain Structure of the Cu-Sn 80/20 Alloy (Cast 
Type), Etched With FeCl,. Magnification 500 X. 
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Fig. 16.—Grain Structure of the 80/20 Cu-Sn Alloy (An- 
nealed Type), Etched With Copper-Ammonium-Chloride. 
Magnification 80 X. 


The characteristic properties of the cast and the annealed 
specimens of the tested alloys, such as the 0.2 per cent yield 
strength, the tensile strength, the elongation and the Brinell 
hardness should be compared at room temperature, be- 
cause they are the properties ordinarily recorded. From 
and annealed), 90/10 (cast and annealed) and 86/14 
(annealed) alloys with one another, on one hand, and 
Table III one can clearly see that comparing the 94/6 (cast 
comparing the 86/14 (cast) and 80/20 (cast and an- 
nealed) alloys with each other, on the other hand reveals 
no important differences between the two types of mate- 
rial. The exception is the Brinell hardness. 

One must clarify the situation concerning the actual 
performance of the alloys investigated in this research work 

-of course in the cast type only—in comparison with com- 
mon data obtainable in the industries, of which the Ger- 
man Industrial Standards might give an average (Table 
IV). In comparison with the American Standard values 
for the alloy B 60 (Cu-Sn-Zn 88/10/2), which would ap- 
proximately correspond to the binary alloy Cu-Sn 90/10, 


Fig. 18.—Variety of Broken Tensile Specimens of the 
Cu-Sn 94/6 Alloy (Cast Type) With a Different Surface 
A p pearance. 





Fig. 17—Grain Structure of the 80/20 Cu-Sn Alloy (An. 
nealed Type), Etched With FeCl,. Magnification 500 X. 


the tensile strength of the binary alloy was approximately 
20 per cent higher, the yield strength also about 20 per 
cent higher and the elongation approximately 100 per cent 
higher. In connection with this, however, it should be 
stated that the binary alloys in question were mple sand 


mold castings which, when produced, were fully heat 
treated so that maximum values for the physica! properties 
could be obtained. Consequently this means that, if other 


materials are used for the molds, one has to exp<ct a change 
in the above-mentioned properties, especially when consid- 
ering the so-called “reversed ingot segregation’ of the 
bronzes. Furthermore the castings were produced by a 
simple casting method. It is a matter of course that the 
mentioned properties may experience changes in theit 
values if other casting methods are used. Besides this the 
investigated alloys were made from virgin materials. If 
other original raw materials are used, one must naturally 
expect a corresponding change in the values of the physical 
properties. 

The above investigations have shown that with expert 


Fig. 19.—Variety of Broken Tensile Specimens of the Ct 
Sn 90/10 Alloy (Cast and Annealed Types). Specimen 


numbers, from left to right, are 26, 27, 37, 39 and 46. 
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casting technique one can obtain maximum values of the 
mechanical properties of the cast binary tin bronzes, which 
at the present are not generally obtainable. They served 
xso to determine the physical properties of the tin bronzes 
Cu-Sn 94/6, 90/10, 86/14 and 80/20 in the cast and in 
the annealed form at elevated temperatures (Table IV). 
From these values we may conclude that the binary tin 
bronzes of the cast type can be stressed for short times with- 
out danger up to temperatures of 200 to 300 deg. C. 

Inasmuch as the investigations were made only as short 
ime tension tests, at high temperatures (according to the 
dassification of the A.S.T.M.) the results cannot be inter- 
preted as any indication of relative “creep” strengths; the 
“creep” effect must be clarified by special long time tension 
tests at high temperatures. 
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Fig, Peg Position of Test Pieces in the Three Castings 0] 
the Cu-Sn 90/10 Alloy. 


Charlottenburg, Berlin, Germany (Prof. Dr. W. Guertler). 
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4: part of the mechanical testing was done at the “‘Staat- 
bs Materialpriifungsamt”’, Berlin-Dahlem, Germany. 
the es wishes to acknowledge his indebtedness to 
Cla rita for their kind assistance and advice: Dr. W. 
us for theoretical] preparation and exploration of the 


SEPTEMBER, 1937 





Fig. 20.—Grain Structures of Cut-off Heads of Cast and Annealed 

Tension Specimens of Alloys Cu-Sn 94/6, and Cu-Sn 90/10. The 

four samples on the left are 94/6, on the right 90/10; top row are 
cast samples, bottom annealed. 


research work, Prof. Dr. W. Guertler, Berlin, and the gen- 
tlemen of the ‘Deutsche Forschungsgemeinschaft’’, Berlin, 
for facilities and general advice. 
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94/6 Alloy Tested at Different Temperatures. From left to right, 
top: 20, 100 and 200 deg. C.; bottom: 300, 400 and 500 deg. C. 
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Courtesv: Carnegie-Illinois Steel Corp 


Ingot of Steel Being Lifted from Soaking Pits after It Has Been Heated 


to the Tem perature Necessary for Subsequently Rolling into Rails. 
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physical metallurgy when the understanding of funda- 
mental principles of metal structures has advanced as 
rapidly it has of late, with so much attention being 
focused on superlattices by both physicists and metallurgists, 


J» HAVE BEEN FEW PERIODS in the history of 


and on the electron theory of metals by quantum mechanics 
experts. he task of explaining in ordinary words the 
fecent developments in the latter field is difficult enough to 


make anyone pause, but the field of superlattices, on the 
contrary, is based on principles fundamentally so simple 
and reasonable as to make the reporter's task a pleasure. 

A story of these developments in chronological order 
would be interesting reading, but the requirements of a 
Correlated abstract can better be met by disregarding this 
order. By passing briefly over the controversies that have 
faged over ideas that have since turned out to be half- 
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of interatomic forces to produce regularity. It has also 
shown the correlation between a wide range of alloy struc 
tures varying from ideal solid solutions at the one extreme 
to ideal compounds at the other, and has provided an un- 
derstanding of certain complicated variations in the phys- 
ical properties of some of these phases and of the effect 
of heat treatments. 

It is frequently stated that Tammann' first suggested 
“ordering” in solid solutions and that Johansson and 
Linde? first proved it by X-rays in 1925. It is curious that 
the observations that led Tammann to postulate superlat- 
tices, namely “resistance limits’’—the abrupt change in the 
resistance to acid attack of alloys of certain compositions, 
have since been explained in other ways and seem but 
little related to superlattices.* Much of the credit for dis- 
covering superlattices belongs rightfully to Bain, who was 
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truths, it will be possible to have more space for reporting 
the phenomena as we now understand them. 

The study of superlattices has brought out the answer to 
some puzzling metallurgical questions such as the nature of 
the transformation from @ to ’ brass, but it has done more 
than this. It has provided a remarkably clear view of the 
dynamic conditions inside of metallic crystals, the balance 
between the tendency of thermal agitation to produce a 


otic condition in the crystals, and the opposing tendency 
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the first to find them in solid solutions by X-ray diffraction. 
In 1923 Bain* found ‘supernumerary lines” in his spectro- 
grams of particularly well annealed alloys of Cu-Ni and Cu- 
Au that could not be accounted for by the face-centered 
lattice of the ordinary solid solution, but that indicated a 
segregation of atoms to particular lattice points, and a re- 
sultant altering of the periodicity of the lattice. Bain not 
only proposed the correct explanation for these lines, but 
he stated at what compositions they would, in general, be 
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Fig. 2. The superlattice AuCu (tetragonal). 


apt to occur, and explained that in certain alloys the X-ray 
method of investigating them would run into difficulties; 
namely, when the different kinds of atoms in an alloy had 
similar reflecting power for the X-rays. 


The Meaning of ‘‘Superlattice’’ 


If atoms of two kinds arrange themselves on the points 
of a space lattice in a random way, each atom taking its 
position on one of the points without regard to the kinds of 
atoms on the neighboring points, they form a substitutional 
solid solution of the normal type. Many cases have now 
been discovered, however, where this random, disordered 
array may be changed by suitable annealing or slow cooling 
into an ordered array, in which atoms of one kind tend to 
segregate into a particular set of the atomic positions. The 
crystals are then known as “‘superlattices’’ (‘‘superstruc- 
tures,’ ‘“Oberstrukturen’’). 

A definition of wider scope® states that either a sub- 
stitutional or an interstitial solid solution becomes a super- 
lattice when one or more of the kinds of atoms segregate 
to individual atomic positions or lattice interstices in 
preference to others, increasing the unit cell or lowering 
the symmetry, but causing little or no deformation of the 
lattice, 

Is the superlattice transformation a change of phase? 
This is a question that has started countless arguments, but 
the answer now appears quite definitely, ‘No.’ It is no 
more logical to call 8’ brass a phase distinct from @ than it 
is to call B iron a phase distinct from a iron. Let us con- 
sider first an alloy of equal numbers of two kinds of atoms 
that undergoes this transformation. Such an alloy in 
equilibrium at any temperature consists of a homogeneous 
single phase in which the atoms are changing places on the 
lattice points by thermal motion, yet are tending to segre- 
gate into the ordered arrangement. At each temperature 
the alloy ultimately becomes homogeneous with a degree 
of order characteristic of that temperature and depending 
on the balance of these two opposing tendencies; an in- 
finitesimal increase in temperature never causes more than 


Fig. 3. 


an infinitesimal increase in disorder. There is obviously 
no phase change in such a transformation (unless one cop. 
siders it as a series of transformations between an ip. 
finite number of infinitesimally differing phases), and jt 
should not be indicated on the phase diagram by lines that 
conform to the phase rule. In the case of compositions 
like AB;, or any composition other than AB, theory indi- 
cates that at the critical temperature the order drops sud- 
denly to zero from a finite value, and the transformation js 
accompanied by a latent heat. Theory indicates, however. 
that the partially ordered and the fully disordered lattices 
cannot coexist in equilibrium over a range of temperature 
or composition. This shows that the ordered and dis. 
ordered conditions are not different phases and that the 
transformation is not a phase change, for if such were the 
case the phase rule would demand the existence of a two. 
phase region of finite range of temperature. 

It must be admitted that the above discussion is based 
on the theoretical point of view. This may be defended 
by pointing out that the quesion cannot be answered def- 
nitely in the laboratory, for experiments can only show that 
if there is a two-phase region, it has a spread that is less 
than the magnitude of the experimental error (temperature 
gradients, etc.), and experiments can never prove its 
complete absence. Bragg and Williams® have put the mat- 
ter very simply, from the crystallographer’s point of view, 
by stating that the crystalline structure of a phase that dis- 
tinguishes it from the other phases of the same alloy system 
is really a lattice of atomic sites, and the distribution of 
atoms on these sites may be varied (a superlattice appear, 
or the composition vary) without destroying the crystalline 
structure characteristic of the phase. 


Typical Superlattices 


Among the first alloys in which a transition fiom the 
disordered to the ordered state was proved are the copper- 
gold alloys containing in the neighborhood of 25 atomic 
per cent gold (AuCu,).?*}* The high temperature, dis- 
ordered state of this alloy is a random array of Au and Cu 
atoms on a face-centered cubic lattice, Fig. 1a, but if the 
alloy is annealed below a critical temperature, about 400 
deg. C. (750 deg. F.), the atoms segregate as shown in Fig. 
1b, Au atoms going to cube corners and Cu atoms to the 
face centers. This represents the condition when ordering 
is complete; that is, the equilibrium condition at low tem- 
peratures. 

The Au-Cu alloys of approximately 50 atomic per cent 
also undergo a transformation from disorder to order, but 
in this case the face-centered cubic solid solution transforms 
with low temperature annealing to a face-centered tetrag- 
onal structure, AuCu, with the atoms segregated as shown 
in Fig. 2.27,8 The term superlattice also applies to cases 
such as this, even though a small distortion of the lattice 


A superlattice recently found in AuCu (orthorhombic). The figure shows one unit cell, which is as long as ten 
of the face-centered cubic cells of the disordered state. (Johansson and Linde). 
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Fig. 4 a and b. The supertat- 
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accompanies the appearance of order (the axial ratio ¢/a 
is about 0.94-0.95). 

Frequently the type of ordering is such that the periodic 
repetition of the pattern is on a much larger scale and re- 
quires a unit cell several times larger than normal to de- 
scribe it. The most striking example of this is the super- 
lattice recently found by Johansson and Linde® in Au-Cu 
alloys of 47 to 53 atomic per cent annealed at 420 deg. C. 
(788 deg. F.). The unit cell, shown in Fig. 3, is ortho- 
thombic; two edges of the cell are nearly equal, but the 
third is ten times as long. It is made up of a row of ten 
of the cells of the solid solution from which it formed. 
Another example that has been very carefully worked out, 
one {1 it requires a unit cell embracing eight of the pre- 
existi » cells, is found in the terminal solid solution of Al 
in Fe »etween 18 and 40 atomic per cent Al, the structure 
Fe,A! 7° Beyond 40 and up to 50 atomic per cent in the 
Fe-A! system a superlattice is found that requires only a 
norm! cell of the CsCl type for its description (Fig. 
4). 11, 12,18 


There is no need to list here all the superlattices that 
have b-en found. The list is constantly growing, and there 
are always a number that are uncertain. It should be 
stated, however, that the majority are of the simple types 
pictured in Figs. 1 and 4 and occur at compositions AB 


and Ab., including the following,'*: > CuPd, CuBe, CuZn 
(8 brass), AgMg, AgZn, AgCd, AuNi, NiAl, FeCo, 
all with the CsCl structure of Fig. 4, and AuCu,, PtCu, 
PdCu., FeNi,, MnNi,, (MnFe) Nig, with the structure of 
Fig. 1; in close-packed hexagonal lattices of MgCd, 
and Mg,Cd there is ordering without change of symmetry. 
In some cases the symmetry is altered upon superlattice 
formation. 

An example is found in the Cu-Pt system at 50 atomic 
per cent, where the face-centered cubic disordered state 
changes to rhombohedral as a result of segregation of atoms 
of the two kinds on alternate (111) planes of the cubic 
lattice. In the Cu-Pd system one of the ordered struc- 
tures has the body-centered cubic CsCl structure although 
it forms from a face-centered cubic disordered state. In 
spite of this change of lattice, however, it is probably a 
superlattice transformation, since the physical properties 
Vary with temperature in a way similar to typical superla- 
tices, and since it can be shown that a relatively small ad- 
justment of lattice dimensions is required in the transfor- 
mation instead of an extensive rearrangement of atoms.™: ® 


Methods of Investigation 


X-ray analysis of crystal structure has been beyond doubt 
the most effective tool in these researches, but almost all 
the other methods of investigation available to the physical 
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metallurgist have contributed their share as well, and sel- 
dom has there been an example of more effective coopera- 
tion between different lines of theory and experiment. The 
atomic positions in the examples just cited, and in a con- 
siderable number of others, have been analyzed by their 
X-ray diffraction patterns, using the principle that when 
order begins to form out of disorder, certain new reflec- 
tions will appear that have been suppressed in the disor- 
dered state as a result of destructive interference (see Fig. 
5). These “superlattice lines’ in the patterns have an in- 
tensity and breadth related to the degree of order in the 
alloy, but this relationship is not entirely simple and 
direct. 

Ordered crystals may consist of regions within which 
there is consistent order, but the regions may not form a 
coherent pattern throughout the crystal, a condition which 
will affect the diffraction pattern. The X-ray method is 
therefore more or less insensitive to order if the order is 
uniform only in very minute nuclei scattered in a haphazard 
way throughout a crystal, but just how insensitive is a mat- 
ter of dispute involving the applicability of particle size 
equations to the case.* **»1%,17 The method fails utterly, 
however, to analyze the atomic distribution in cases where 
the scattering power of the different kinds of atoms are 
equal, as they are in brass, and the distribution in ’ 
(CuZn) must be deduced indirectly. (There is scarcely 
any doubt but that ~’ has the CsCl structure, however.) 

Electrical resistance has been used in hundreds of investi- 
gations of this type. It reveals the degree of order in a 
way closely related to the X-ray method: It is insensitive to 
very small nuclei of “local” order and depends on order 
over relatively long distances, yet it detects the difference 
between order that extends coherently throughout the 
whole of a crystal and order coherent only in limited 
regions into which the crystal is partitioned.’® ** As an ex- 
ample of the resistivity of superlattices, some data on Au-Cu 
alloys are reproduced in Fig. 6. 

Methods involving heat content and specific heat will 
detect both “‘local’’ and “long distance’ order and there- 
fore have been very useful in the development of super- 
lattice theory.’* *°.21. The effective use of this thermal 


Fig. 5. X-ray diffraction patterns from AuCus. (Sykes and Evans). 
Upper pattern from disordered alloy, lower from ordered alloy. 
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Fig. 6. Electrical resistance of Au-Cu alloys, disordered 
(quenched) and ordered (tempered). (Johansson and 
Linde). 
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data is illustrated by studies on 8-8’ brass,?* ?% ** particu- 
larly Sykes’ recent curve of specific heat under equilibrium 
conditions reproduced in Fig. 7. 

The dilatometer has been used frequently to reveal trans- 
formations of this type.*°.** 27 They can also in some 
cases Ibe detected metallographically, as for example in 
AuCu,2": 28 2% 8° which shows a_ needle-like structure 
somewhat resembling martensite or Widmanstatten struc- 
tures. This “recrystallizes” into a normal polyhedral struc- 
ture upon annealing. In other cases, for instance Fe,Al, 
there is said to be no metallographic evidence of transfor- 
mation.*!) 2. Other properties are also affected in a 
less direct way: Magnetic properties, 5% 54,35 hard- 
ness, 2% 5°, 6, 87 elastic coustants, *% 57, 88, 8%, 40 

The degree of lattice deformation—for example, the 
amount of tetragonality in AuCu as expressed by the 


Fig. 7. Specific heat of B brass. (Sykes). 
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axial ratio, c/a, of the lattice—is considered b 
some*, *, ®, 1%, 41, 42, 43, 44, 45 to be coincident with orderin 
and to be a direct index of the degree of order. There has 
not been a uniformity of opinion on this point, however 
for earlier investigators considered that the Processes of 
lattice deformation and of segregation to ordered atomic 
positions are separate and independent mechanisms Oper- 
ating at different rates.17, *% 47,48 It seems more reason. 
able to believe that tetragonality results directly from order. 
ing, and that the difference in rates is apparent, arising 
from the lack of coherent ordering throughout the Crystal 
rather than real. , 


The Theory of Superlattices 


Theoretical treatments of the phenomenon have been 
given by Borelius,** Borelius, Johansson and Linde4® 
Gorsky,?® Dehlinger,®4 and Dehlinger and Graf,‘ chiefly 
on the basis of formal thermodynamic relations. It was 
considered anew by Bragg and Williams,* *® Williams. 
Bethe,”® and Peierls®*® who as a group started with simple 
assumptions about atomic forces and calculated quantitative 
results that compared very favorably with experiment. This 
second series of papers is probably of more interest to the 
readers of this journal and will be discussed in greater 
detail in this report. 

In an alloy of A and B atoms the energy of the crystals 
will be a minimum when order is complete and wil! be in- 
creased an amount V if a pair of atoms is interchanged 
so that an A atom takes a place that should be . upied 
by a B atom, and a B atom moves to a position that should 
be occupied by an A atom. In other words, V is ‘he net 
amount of work required to effect this interchange Under 
thermal agitation an equilibrium will be reached where 
the ratio of the number of atoms in their right positions to 
the number in wrong positions is equal to the Bo!:zmann 
factor e-’/*?, where & is Boltzman’s constant and 7 is the 
absolute temperature. 

If V were a constant, independent of the degree of order 
in the alloy, there would be a gradual increase in disorder 
with rising temperature following an exponentia! curve 
that is frequently encountered in thermodynamics. This 
cannot be the case, however, for decrease in order must 
decrease the forces that tend to maintain order. ‘The dis- 
tinction between right and wrong positions for an atom, 
in fact, vanishes when disorder is complete and |)’ then 
drops to zero. It is this dependence of V on order that is 
responsible for order decreasing at an accelerating rate as 
the temperature is raised, and that accounts for a critical 
temperature analogous to the Curie temperature where 4 
magnetic material loses its ferromagnetism. 

To make a theoretical calculation of the degree of order 
in equilibrium at each temperature, it is therefore neces- 
sary to assume a particular relation between V and the 
degree of order. For simplicity Bragg and Williams® as- 
sumed that V is proportional to the degree of order i) 
(or V = V,S), where S is defined as the fraction of the 
atoms that are in their right positions minus the fraction 
that are in wrong positions. This definition of 5 requires @ 
knowledge of which positions in the crystal are right and 
which are wrong and applies to an organized order & 
tending over long distances in the crystal; it is a “long 
distance” order. 

An alternative conception of order has been worked out 
by Bethe,2° Williams,2* and Peierls,5° and has also been 
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discussed by Hume-Rothery,*t and concerns only atoms 
that are nearest neighbors. The order of neighbors, o, or 
“local order’’ is defined by them as the probability of find- 
ing an unlike atom beside a given atom minus the proba- 
bility of finding a like atom there. The equilibrium state 
at each temperature has been calculated using this definition 
and assuming that only the nearest neighbors of an atom 
interact with each other. 

The statistical calculations show that even if interaction 
is limited to nearest neighbors, there will nevertheless be 
built up a coherent “long distance’ order below a critical 
temperature ; above this temperature there will be small 
ordered nuclei constantly forming and dissolving much as 
in a liquid. 

The theoretical curve of Bragg and Williams for long 
distance order is shown in Fig. 8 for the case of equal num- 
bers of ordered and disordered positions, as in AuCu, 
CuZn, and Fe,Al. (The curve calculated by Bethe for 
long distance order is very similar but somewhat steeper 
just below the critical temperature T,.) The critical tem- 
perature T, is proportional to V, and is given approxi- 
mately by the relation T, = V,/4& where & is Boltzmann's 
constant. 

Starting with a superlattice in equilibrium at a low 
temperature, let us consider the amount of heat that 
will be required to raise the temperature successive inter- 
vals. At first the heat input will go entirely to increase the 
therm:! motion of the atoms, and the specific heat of the 
alloy will be normal. As the temperature increases, how- 
ever, in increasing amount of work will be required to 
move 1toms from right to wrong places, and this will ap- 
pear in abnormal specific heat, which climbs to a maxi- 
mum jist below the critical temperature where the changes 
in order are most rapid. Above the critical temperature the 
specifi heat would return again to normal were it not 
for the small residual nuclei of ‘local order’’ which persist 


for some distance beyond. As the experimental curve in 
Fig. 7 shows, the theory compares favorably with experi- 
ment 


Disorder makes a large contribution to the electrical re- 
sistance, superimposed upon the resistance due to thermal 
vibrations. Bragg and Williams’ calculated curve of re- 
Sistivity vs. temperature for AuCu in equilibrium is repro- 
duced in Fig. 9 and compared with measured values ob- 
tained during a slow rate of cooling.*° The experimental 
curve deviates from the theoretical because of the increas- 
ing sluggishness of diffusion at the lower temperatures, the 
alloy finally “freezing” into a state of partial order when 
atomic interchange becomes negligible. 


The theoretical curve of order for AuCu, differs some- 
what from the AuCu curve of Fig. 8 in that at the critical 
temperature there is a discontinuous jump from disorder 
to partial order, § jumping to about 0.4. As a result of 
this, there is an evolution of latent heat at this point (which 
is in accord with Sykes’ thermal data)?* and an abrupt 
increase in resistance. The actual resistance curve for the 
equilibrium condition in AuCu, shows this effect quite 
Clearly,* as will be seen from Fig. 10. It is more or less 
obscured in ordinary heating and cooling experiments by 
various complexities: Order is not coherent throughout the 
whole of the individual grains,’® diffusion is sluggish, par- 
ticularly at the critical temperature, and whenever the 
transition is from a cubic to a tetragonal lattice one might 
€xpect internal stresses to arise as the regions of local order 
Stow into contact with each other. i 
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Similarity Between Superlattices 
and Other Phenomena 


Superlattices have a close parallel to ferromagnetism. 
The Bragg, and Williams treatment of long distance order 
S is analogous to Weiss’s theory of ferromagnetism, S cor- 
responding to the magnetization and V to the difference in 
potential energy for the parallel and anti-parallel electron 
spins, while the treatment based on local order, g, parallels 
the modern theory of ferromagnetism, with interaction as- 
sumed only between neighboring electron spins (except 
that quantum mechanics are not involved in calculations of 
order as they are in magnetism) .**: °*;°* Another closely 
analogous case is the vibration and rotation of molecules in 
crystals such as the ammonium halides where there is a 
critical temperature above which all the ammonium radicals 
rotate, and below which the rotation is gradually replaced 


Fig. 9. Electrical resistance of AuCu during slow cooling. 
(Kurnakow and Ageew data, Bragg and Williams theory). 
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Fig. 10. Electrical resistance of AuCu, during cooling 
ind subsequent heating at 30°C. per hour and at equt- 


librium. (Sykes and Evans). 


by oscillation. Fowler has discussed the theory of these 
transitions.°® In all these analogous phenomena there is a 
critical temperature which is properly called a Curie tem- 
perature, resulting from an ordering force that decreases 
with order. 


The Rate of Approach to Equilibrium 


Bragg and Williams have made some interesting calcu- 
lations of the rate at which an alloy will approach its equi- 
librium degree of order at any temperature. They as- 
sumed that the rate of approach is directly proportional 
to the discrepancy between the actual and the equilibrium 
order. The constant of proportionality was taken as 1/r, 
where + is the ‘time of relaxation” of the alloy, the time 
required for the departure from equilibrium to be reduced 
to 1/e or 0.368 of its initial amount. A reasonable ex- 
pression for 7 is then r = Ae'”/*T, where A is roughly of 
the order of 10-'*, and W is the “‘activation energy” that a 
pair of neighboring dissimilar atoms must have in order 
to surmount their potential barrier and exchange positions. 

This expression for the relaxation time permits an esti- 
mate of the range of states that can be produced in an alloy 
by different heat treatments. Rapid quenching will retain 
a degree of order characteristic of a high temperature, and 
annealing for several days will produce a degree of order 
characteristic of a lower temperature, but the calculations 
indicate that these two temperatures will differ only about 
30 per cent (on the absolute temperature scale) because of 
the rapid change of + with 7. Bragg and Williams es- 
timate from resistance curves that for AuCu,, + is one sec- 
ond at about 550 deg. C. which is above the transition 
temperature and accounts for the fact that complete disorder 
can be maintained by quenching. Prolonged annealing, on 
the other hand, would be expected to produce degrees of 
order corresponding to a temperature not much below 
270 deg. C. where the equilibrium order S is approximately 
0.75. In the case of Cu-Zn the rate of diffusion is so fast 
(r so small) that it is impossible to retain the disordered 
structure by quenching, and the alloy at room temperature 
is always highly ordered. 

It appears likely, however, that this treatment of the 
problem overlooks some complications that are important. 
There is much reason to believe (this has also been dis- 
cussed under “Methods of Investigation”) that as an alloy is 
cooled below T,, a number of nuclei start to grow inde- 
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pendently of each other and with a non-coherent relation to 
each other. Their growth must continue until they touch, 
and then they must coalesce until the whole of a grain— 
or the whole of some natural subdivision of a grain—con- 
tains a coherent array with no out-of-phase regions remain. 
ing unabsorbed. Recent experiments of Sykes and Evans1« 
suggest that the rate of ordering within each nucleus may 
be as much as a thousand times faster than the rate of 
growth and coalescence of the nuclei. Once the coalescence 
has been completed, however, subsequent alterations jp 
order seem to be at the rapid rate characteristic of a nucleus, 
indicating that such alterations do not produce any new 
anti-phase nuclei. It will be seen that the mechanism of 
onset of order is in many respects similar to the familiar 
one of recrystallization and coalescence in deformed grains, 
although the rates are different, and are affected differently 
by plastic deformation. 


Phase Changes 


The interaction between atoms may be so strong (V so 
great) as to make the virtual value of the critical tempera- 
ture, T,, lie above the melting point. Such is the case 
in those phases which show a superlattice structure at all 
temperatures in the solid state. Cu,Sb seems to be an ex- 
ample with Fe,Al structure, and AuZn is another with 
the CsCl structure.°° The alloys with these characteristics 
more closely resemble true chemical compounds. 

It will be seen that the whole range of intermetallic struc- 
tures can be considered from this point of view. When 
atomic interactions are strong they may retain order, like 
a compound does, up to a temperature at which «nother 
phase has a lower free energy and begins to form; in the 
case of AgZn, for example, the new phase is another solid 
phase of different crystal structure, while in the ase of 
AuZn the new phase is the liquid phase. With ‘ess in- 
tense ordering forces between the atoms the ordered ar- 
rangement may decrease gradually to a low value o: io zero 
at the critical temperature. If V is very small—nd this 
must be the case at low concentrations in terminal solid 
solutions, since any ordered array would put the stranger 
atoms far apart on the lattice—the critical temperature will 
be below room temperature, or at any rate so low that the 
atoms will not diffuse appreciably into their ordered posi- 
tions. 

The behavior of an alloy will thus be largely governed 
by two constants, the interaction energy, V,, which is the 
net amount of work necessary to switch a pair of atoms into 
disordered positions in the fully ordered alloy, and the 
activation energy, W, that the atoms must acquire in order 
to make the exchange. Approximate values® for these in 
AuCu, expressed in electron volts, are V, = 0.3, W = 
1.85. The value W may also be converted to calories Q, 
(O = 23,054 W) and will then be seen to be of the 
same order as the heats of activation for diffusion in solid 
solution, recently summarized by Mehl. It is also of the 
same order of magnitude as the heats of activation for 
recovery from cold work; for example in recent expett- 
ments at the Bell Laboratories*? on permalloy the rate of 
sharpening of broadened X-ray diffraction lines has given 
the value W = 1.7 electron volts. But in making such 
comparisons of W it should Ue remembered that small 
differences in W correspond to large differences in rates, 
since W is related exponentially to the rates. 

(Concluded on page 260) 
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encountered by bearings in modern internal combustion 


|: INCREASINGLY SEVERE SERVICE conditions 
engines demand the development of new anti-friction 


alloys.' Leaded bronzes, cadmium-silver and, more recent- 
ly, straight copper-lead alloys are replacing babbitts in many 
applications, and therefore, assume considerable metal- 
lurgical ‘:mportance. The superiority of copper-lead over 
tin-base .|loys in regard to tensile and compressive strengths 
is the | pronounced the higher the operating tempera- 
ture. |\cn at temperatures at which the white bearing 
metals ic molten, copper-lead bearings may be successfully 
applied, inder emergency conditions. Their thermal con- 
ductivit’- ‘s several times that of babbitts and the frictional 
coefhici« is much lower. The anti-friction qualities of 
lead are well illustrated by its use as a ‘lubricant’ in wire 


drawing. Unlike the leaded bronzes, straight copper-lead 
linings require no hardened shafts. The resistance to 
pounding, which naturally decreases with increasing lead 
contents, is not a factor within the present commercial lead 
fange. Superior fatigue strength at low and at elevated 
temperatures is also claimed to be an important factor in the 
replacement of babbitts by copper-lead.* 


Current Objections to Copper- 
Lead Bearings 


Despite the unquestionable superiority of copper-lead al- 
loys in heavy duty service, their more general adoption is 
greatly hampered at present by manufacturing difficulties.° 
The lack of mutual solubility of copper and lead in the 
solid state represents the principal source of this trouble® 
aggravated by the widely separated specific gravities of both 
metals. And even though liquid mixtures with less than 
38 per cent are completely miscible, nearly pure copper 
crystals separate from a liquid copper-lead melt on passing 
through the temperature range bounded by 1083 deg. C. 
(melting point of copper) and 954 deg. C. (monotectic 
temperature), while the remaining lead solidifies at 327 
deg. C. The liquid phase of nearly pure lead tends to 
coalesce into relatively large masses during solidification and 
the aggregate shows marked segregation of lead at room 
temperature; this tendency towards lead segregation is more 
Pronounced the higher the lead content. The temperature 
relationship of the specific volumes shows that copper has 
a larger volume shrinkage than lead; the latter is drawn in 
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between the copper dendrites by a capillary effect (phe- 
nomenon of inverse ingot segregation). The resulting un- 
soundness: explains why the theoretical densities of copper- 
lead mixtures are often not in agreement with those meas. 
ured. Lead segregation may be reduced, or prevented en- 
tirely, by rapid cooling through the freezing range, and the 
cooling rate becomes more important as the lead content is 
increased. Above 38 per cent lead, copper and lead are 
immiscible even in the liquid state and form 2 separated 
liquid phases before any restraining network of a solid 
phase can form. 

The main object in the manufacture of copper-lead bear- 
ings has thus been to prevent, by means of rapid cooling, 
pronounced separation of both constituents. A great num- 
ber of patents have been granted to inventors aiming at 
drastic chilling of molten copper-lead and at good adhesion 
between shell and bearing.’ Because the presence of im- 
purities tends to check the pronounced lead segregation® 
in alloys with more than 25 per cent Pb, some improvement 
has been attempted by additions of sulphur, zirconium’, tel- 
lurium and selenium'®; additions of nickel are also em- 
ployed. According to the copper-nickel-lead diagram"', 
the addition of 3-5 per cent nickel closes the miscibility gap 
of the binary copper-lead system resulting in uniform 
solidification and regular distribution of lead in copper. 
Sulphur has a similar effect, additions of 0.67-1.60 per cent 
being sufficient. It has also been claimed that the use of 
fluxes suppresses the lead segregation to a notable extent??. 

One job where no apparent difficulties are encountered is 
that at the Ford Rouge plant in which a low carbon, cold- 
rolled strip steel, 0.068 in. thick, is coated continuously by 
passing it through a copper-lead bath at 1150 deg. C." 
However, the copper-lead mixture contains only 30-35 per 
cent lead (63-68 per cent copper, 0.5 per cent iron, 1-1.5 
per cent nickel), a relatively low value when we consider 
that the atomic weight of lead is 31/4, times that of copper. 
Serious difficulties in the production of copper-lead bearings 
begin at about 35 per cent lead. 

The production of satisfactory joints is also a problem 
with the lead-rich alloys, because of their larger thermal 
expansion, higher solidification temperature and more rapid 
oxidation as compared to ordinary babbitts. In order to 
obtain a good bond with a steel backing, it is necessary to 
have more than the average percentage of copper at the 
backing /bearing interface; on the other hand, a higher lead 
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content at the bearing surface greatly improves the bearing 
properties. The copper crystals should grow dendritically 
on and vertically to the bearing shell and should extend 
from the surface to the backing to induce greater strength. 
However, a ‘streaky’ or columnar structure of lead equal 
in length to the entire bearing thickness has been definitely 
established as a cause of failure. The 70/30 copper-lead 
alloy is frequently claimed to be ‘‘too hard,” with conse- 
quent excessive wear of the shaft. Microscopic examina- 
tion, however, will frequently disclose an undesirable 
micro-structure as the immediate seat of trouble. 

The natural tendency to apply the prior art to new de- 
velopments has Jed to many disappointments in the appli- 
cation of copper-lead anti-friction alloys. Thus, many 
lubricants that had given excellent service with babbitts 
proved to be entirely unsuitable for copper-lead bearings. 
Oils best suited to babbitt lubrication were of the fatty type, 
whereas such oils when used with copper-lead introduce 
serious corrosion and erosion problems, chiefly the ‘‘wash- 
ing’ away of lead. These early difficulties in the lubrication 
of Cu-Pb bearings have largely been solved by the use of 
special compounded and mineral oils.** 15 

Attention to mechanical features, such as design and op- 
erating practice, also has provided improvement in the life 
of Cu-Pb bearings. Most important have been better lubri- 
cation, and more accurate fitting of the bushing in com- 
parison with ordinary babbitts. Shortening of the length 
of the rubbing surface together with the use of larger di- 
ameters have also been steps in the right direction. Ability 
to carry shock loads, reduction of bending stresses, better 
heat dissipation and greater resistance to flow are observed 
with reduction of thickness of lining backed by a strong 
shell. 


Powder Metallurgy Attacks the 
Copper-Lead Problem 


Inasmuch as many of the objections to copper-lead had 
arisen from difficulties associated directly with pouring 
and solidifying this type of bearing, preparation of copper- 
lead bearings from metal powders appeared to be very at- 
tractive, as this branch of metallurgical science (1) circum- 
vents melting and casting altogether, (2) provides more 
easily the most advantageous distribution of lead and cop- 
per and guarantees the continuity of the copper matrix, and 
(3) permits the production of bearings with lead contents 
higher than can possibly be obtained with conventional 
melting and casting methods. In addition, only a small 
amount of lining metal is required for a vitally important 
engine member, so that the additional production costs of 
powder metallurgy become of secondary importance. 
Finally a successful precedent exists in the ‘‘synthetic’”’ pro- 
duction of self-lubricating bearings which either contain 
graphite in uniform distribution or are so porous as to ab- 
sorb a large volume of oil. 


Experiments with Metal Powders 


The following is a brief account of the author's experi- 
ments to produce copper-lead bearing alloys by utilizing 
metal powders. At first intimate mixtures of lead and 
copper powder were hydraulically compressed at 5 to 50 
tons per sq. in. and then annealed in hydrogen at rising 
temperatures. Below the melting point of lead, no sintering 
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of the copper particles occurred even after prolonged heat. 
ing, and the samples could easily be scratched with the 
finger nail. Above 327 deg. C., lead segregated out even 
with the mixture comparatively low in lead. All attempts 
therefore, based on the use of mechanical mixtures of lead 
and copper powder resulted in complete failure. It was 
evident that temperatures materially higher than 327 deg. 
C. are essential for attaining a true metallic bond between 
adjacent copper particles. 

This prerequisite was fulfilled by employing copper. 
coated lead powder prepared in the following manner. 
250 g. of 100 mesh lead powder is added to a solution 
containing 1000 cc. water, 10 cc. acetic acid and 209 
copper acetate, at 85 deg. C. The lead should be added as 
a suspension in water. Stirring is continued until all the 
copper has come out of solution. The solution is decanted 
off and the coated powder is thoroughly washed with water 
and anhydrous ethyl alcohol, followed by drying (which 
may be aided by ether) and screening. The thickness of 
the copper coating can be varied by increasing the ratio of 
the copper content of the solution to the amount of lead 
employed. Recently copper plating by electrolysis has 
come into the foreground. 

Because they tended to reoxidize, the copper-coated Jead 
powders were first annealed in hydrogen at temperatures 
approaching the melting point of lead. The weight losses 
varied between 3.5-6.5 per cent, and the powders assumed 
a rosy-red, lustrous appearance. 

In view of the efficiency and economy of the spraying 
process, this production method was investigated in a great 
number of experiments, using a solution of 6.5 ¢. vinylite 
in 1000 cc. acetone as the suspension medium. Preliminary 
tests made with various concentrations and at different air 
pressures indicated these proportions to be most suitable. 

The sprayed layers often exhibited noticeable cracks after 
drying and tended to flake off at room temperature before 
thermal treatment. A sufficiently firm bond, resistant to 
bending, could not be obtained even by hydrogen annealing 
at temperatures exceeding the melting point of lead by 
several hundred degrees. It appeared that the difference 
in thermal expansion coefficients between the steel carrier 
and sprayed copper-lead mixture caused the latter to tear 
loose at an early stage. Spraying onto roughened copper 
and bronze carriers was of no avail either. Also, the 
suspension medium seemed to leave, after evaporation, an 
insulating film on the sprayed powder particles, thus im- 
pairing the intimacy of contact at the interface between the 
two diffusing bodies. Some of the sprayed coatings ap- 
peared to be quite porous. Although rolling after anneal- 
ing completely eliminated this deficiency, the lack of ad- 
hesion was not overcome, long-time annealings being ruled 
out as uneconomical. Furthermore lead sweat was noticed 
on some samples at much lower temperatures than with 
pressed copper-coated lead powders. 

German research!’ on the interdiffusion between sprayed 
coatings and mild steel carriers yielded poor bonds owing 
to the obstruction offered by oxide films at interfaces and 
the slow atomic diffusion rates, although much longer 4% 
nealing times and considerably higher temperatures were 
applied than in the present experiments. 


Strips from Copper-Coated 
Lead Powder 


Further spraying tests were abandoned since another way 
led directly to the solution of the problem, namely, pressiNg 
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of copper-coated lead powder into strips, sintering in a hy- 
drogen or neutral atmosphere and bonding onto a metal- 
lic carrier. Copper-lead bearings so prepared, and con- 
taining 20-35 per cent lead, can be heated to 900 deg. C. 
without lead sweat; a mixture containing 45-55 per cent 
lead can be heated to 750 deg. C. At these elevated tem- 
eratures, adhesion forces come into play, and interaction 
by diffusion of atoms readily takes place. Thus a well- 
sintered metallic body, quite susceptible to bending and 
cold rolling, is secured. It was found, for example, that 
reductions of 50 per cent in thickness were possible with 
an alloy containing 43 per cent lead. A systematic vari- 
ation of strength and flexibility over a wide range could be 
prod iced by varying the copper content and also the amount 
of strain hardening in rolling. Reannealing of cold- 
rolled copper-lead strip in hydrogen at temperatures 100- 
150 deg. C. below the initial sintering temperature did not 
cause lead segregation. Thus a method for the prepara- 
tion of workable copper-lead strip that could be annealed 
without damage had been found. | 
The second major problem was to bond these copper- 
lead strips to a backing sheet. As was the case with 
sprayed coatings, no firm bond could be obtained by com- 


bining the two operations, sintering and bonding. Even 
when the powder was pressed into ragged backing sheets 
of comparatively low melting point, and both bodies were 
pressed firmly together, the degree of penetration after 
several hours at 700-800 deg. C. was not sufhcient to pre- 
vent parting on bending. This difficulty can, of course, be 


circumvented by pressing the powder into carefully pre- 
pared backs possessing the final shape of the half-shell 
bearii In this manner sintering and bonding may be 
carried out simultaneously in hydrogen at temperatures 
higher than 700 deg. C. 

One successful method of bonding the sintered copper- 
lead strip onto copper or bronze backing sheets is by dif- 
fusion annealing at the highest possible temperatures. The 
copper-lead strip is rolled under slight pressure on care- 
fully cleaned copper or bronze sheet roughened by sand- 
blasting, electrodeposition or by fusing on of coarse copper 
powder. However, the applicability of this method is 
limited, for, on prolonged heating, the samples with higher 
lead content exhibited lead sweat. 

An intermediate layer of tin was necessary to bond the 
sintered bearing onto the steel sheet. This was done by 
dipping the latter into liquid tin using as flux a zinc- 
ammonia solution and then pressing the copper-lead strip 
onto the backing. The strength of the finished bearing can 
be further improved by heat treatment. 


Copper-Lead Composite Bearings 


It has been observed that a preponderance of copper at 
the bearing shell/lining interface results in a better bond. 
In binary systems the diffusion coefficients in either terminal 
Solid solution are greater in the solid solution with the 
lower melting point; thus the diffusion of gold in lead is 
26,000 times that of lead in gold,'® while the self-diffusion 
of lead is about twice as great as that of gold into lead.?® 
Analogous conclusions should hold for copper-lead and for 
the self-diffusion of copper, in view of practical experience 
calling for an excess of copper at the backing interface ir- 


respective of Whether a steel. copper or bronze shell is em- 
ployed, 
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Composite bearings were made consisting of a pure cop- 
per powder bottom and a copper-coated lead powder sur- 
face. Both powders were pressed simultaneously in the 
hydraulic press, sintered at temperatures higher than 700 
deg. C. and slightly cold-rolled to eliminate warping and 
shrinkage effects. The following advantages are possessed 
by these duplex bearings: 

(1) The production costs of the powder bearing are 
much reduced, as only the bearing surface consists 
of the most expensive part, the copper-coated lead 
powder. 

(2) The heat dissipation is improved by using a solid 
copper bottom layer. 

(3) The strength of the bearing is greatly increased. 

(4) The wettability of the copper bottom with respect 
to tin is superior to a sintered copper-lead strip, 
mechanically cleaned before bonding. 

(5) The lead concentration at the bearing surface can 
be easily adjusted to any specific use. It can be 
made sufficiently high to allow for the so-called 
“whipping action” without sacrificing the necessary 
strength, toughness and wear resistance in the rest 
of the bearing. 

The possibilities inherent in these duplex bearings have not 
yet been fully utilized.The use of a solid solution type alloy 
like copper-nickel for this intermediate layer provides a 
stronger bond because of the alloying action of mutual dif- 
fusion and the absence of inter-metallic compounds. 

Babbitts may vary in service performance, depending on 
the size and distribution of the hard SnSb (Cu,Sb, Cu,Sn) 
crystal constituent embedded in the soft matrix. If the 
structure is too fine, the babbitt may be brittle?®. Based 
on this observation, serious objections have been raised 
as to the suitability of copper-lead powder bearing alloys 
“due to the extremely fine dispersion of the soft lead pow- 
der particles and their enclosure in the copper shell.” 


Lead-Soaked Copper Sponge 


The maximum lead particle size applicable for copper- 
coating and for the manufacture of synthetic copper-lead 
bearings (and’ therefore, the potential importance of the 
foregoing objection) has not yet been established. What- 
ever the outcome, powder metallurgy is already approaching 
the copper-lead bearing problem from a new angle, which 
may be sketched briefly. / A coarse-grain copper powder is 
mixed with a volatile non-metallic matter, hydraulically 
compressed and heated in hydrogen to about 900-1000 deg. 
C. The copper particles sinter to a sponge-like body, the 
porosity of which is mainly regulated by the grain size of 
the copper particles and the amount of volatile matter. The 
latter emerging from the copper cake opens up small chan- 
nels throughout the whole mass. The copper sponge so pro- 
duced is then “soaked” in liquid lead in a vacuum. No 
air trapping and a very advantageous distribution of soft 
lead globules in a solid copper skeleton result. In addi- 
tion, no difficulties exist in providing for a larger amount 
of lead at the bearing surface and a preponderance of cop- 
per at the shell bearing interface. The ‘sponge’ principle it- 
self is not new; the soaking of porous, synthetic bearings 
with oil in a vacuum has been successfully applied to the so- 
called “‘oil-less bearings,” while copper is sucked by capil-_ 
larity action into the voids of a tungsten briquette in the 
production of “Elkonite ’.*! 
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Conclusion 


The difficulties involved in the casting of straight cop- 
per-lead bearing alloys with more than 30 per cent Pb are 
considerable. Powder metallurgy avoids lead segregation 
altogether, permits great latitude in the relative distribution 
of lead throughout the bearing and provides a more suitable 
bonding interface for the backing sheet. The most favor- 
able results obtained so far were by sintering in hydrogen 
at 700-800 deg. C., a pressed strip consisting of a copper 
powder layer at the bottom and a copper-coated lead pow- 
der, containing 40-55 per cent Pb, at the top. 

The author is considerably indebted to Mr. Charles 
Hardy, President of Hardy Metallurgical Co., New York, 
for permitting him to publish the results of his research 
work carried out in the Metallurgical Research Laboratory 
of Professor E. F. Kern, at Columbia University. 
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Diffusion in Solid Metals—lll 


ADDENDUM TOA CORRELATED ABSTRACT 


by A. |. Krynitsky 


Associate Metallurgist. National Bureau of Standards, Washington, D. C 


(Publication Approved by the Directors) 


In the May and June issues of METALS AND ALLOYS 
there was published a correlated abstract on this subject bj 
Mr. Krynitsky. 

The author regrets that the paper by Dr. Van Liempt was 
not included in the original abstract and therefore offers 
this addendum to this original because he feels it warrants 
this atiention—Editor. 


T HAS BEEN POINTED OUT that the relation 
Q 
(I) D — ate—@/RT proposed by Dushman and 
Nh 
Langm ir as a universal equation for adsorption in crystal- 
line solids, is probably a more nearly correct interpretation 
of the diffusion phenomena. In this connection it would 
probably be of interest to note that in one of his papers, 
not mentioned in my abstract, Van Liempt presents a very 
interesting discussion? of his formula* versus Dushman- 
Langmuir equation. 

In formula (1) N and h are respectively the Avogadro's 
number and the Plank constant and a is the spacing between 
atoms in the crystal. Inserting numerical values 

l 

_ 1.05.107° 

Nh 

(II) D(cm?/sec) = 1.05 X 10% . Q ate—O/RT 
where O is expressed in gram-calories per gram atom, 4 in 
cm, R-gas constant and T absolute temperature. Van 
Liempt compares equation (II) with his formula (III). 


this becomes‘ 


8 
(Ill) D (cm?/sec) = — p*ye~Q/RT 
37 
where y is the characteristic monochromatic atom frequency 
of metals in second and p = a = minimum spacing be- 


tween atoms in the crystal. Taking values of 
p? = a? of order 7 10-%° 
> = oo - 5 10% 
Q= “ “20000 to 100000 cal. 


Van Liempt finds that multiplication factor in formula 
(Il) is 15.10-2 (cm?/sec) to 70.10—* (cm?/sec) or 13000 
60000 (cm?/day) whereas, according to his formula 
(formula III) this factor is 3.5.10-* (cm*/sec) or 302 
(cm*/day). Considering some data presented by different 
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authors and given in the rable below, Van Liempt states 
that this factor is 50 to 200: 


-29800 

Au in Ag D(cm?/day) i6 e RT 
-27400 

Cu in Au D(cm?*/day) 91 € RT 
; -35500 

Cu in Ni D(cm?/day) 90 ¢ RT 
-80600 

Mo in W D(cm?/day) 52 € 7 
-15522 

Cd in Pb D(cm?/day) 182 e RT 


Therefore he concludes that the practical factor is from 
1/2 to 1/6 of his factor and from 1/100 to 1/1000 of 
the factor of formula (II). On the other hand, Van 
Liempt states, it was found by v. Hevesy in his experi- 
ments on self diffusion of lead that 


-28050 
(IV) D(cm?/day) 


576000 e 


Basing on this equation one may note that Van Liempt’s 
factor is around 1/1000 and Dushman-Langmuir’s factor 
is about 1/20 of the practical factor. 

v.Hevesy who recognized this discrepancy explained that 
high velocity of self-diffusion was due to a certain chain- 
mechanism. Inasmuch as this problem is not solved as yet, 
Van Liempt believes that no data obtained from the ex- 
periments on self-diffusion should be used in calculations. 

With reference to the merit of Dushman-Langmuir 
formula it would seem appropriate to mention that, as ‘t 
has been recently shown’, calculation of Q from one value 
of D in numerous systems indicates that in every case the 
best diffusion data are in accord with that formula. 


It is evident that a great deal more work must be done 
before this problem will be clarified. 
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A LETTER TO THE EDITOR 


§. A. E. Stee! Specifications 


To tbe Editor: The pithy and pertinent editorials in METALS 
AND ALLOoyYs are always a matter of intense interest to the writer, 
and seldom have they failed to hit the bulls-eye. It is therefore 
with a great deal of regret that I have to utter a strong proest 
concerning what I deem to be a serious misconception of the 
organization and purpose of the S.A.E. Iron and Steel Division. 

Toward the conclusion of your editorial entitled ‘Let's Split 
Some Hairs” in the June issue of METALS AND ALLOYs you state: 


Of course, the S.A.E. could finish what it started, but 
since it is more of a steel user than a steel producer organ- 
ization, some society representing both groups might dis- 
tribute the burden more equitably. 

As a matter of fact, the steel producer representatives form the 
largest single unit of the many interests represented on the S.A.E. 
Iron and Steel Division, as will be seen from the following 


tabulation: 
13 members represent steel producers. 
3 a be alloy. 
auto and tractor producers. 
aircraft producers. 
accessory & machine tool builders. 
independent—chairman 


ee 


— & SIG 


31 total membership 
The purpose that actuates the S.A.E. Iron and Steel Division 
was set forth briefly in the introduction to the last revision of 
these specifications—S.A.E. Journal, April, 1935, page 15, from 
which a few pertinent paragraphs are quoted: 

One frequently hears the criticism—‘There are too many 
steels included in the S.A.E. specifications.” Looking at the 
matter from the standpoint of the ultimate consumer that 
statement may be true. The Iron and Steel Division is not 
oblivious to the fact that an automobile, a farm tractor, a 
Diesel engine, a printing press or even the latest model of 
streamlined locomotive and train can be built with but a 
small fraction of the number of steels covered by these 
specifications. 

The S.A.E. Iron and Steel Division, however, has no 
mandate to dictate to the steel user just what steel he shall 
use for his particular application, nor has it any mandate to 
limit the steel maker as to the compositions he shall make. 
Its job is to bring the various users and makers of each type 
or grade to an agreement upon a common chemical speci- 
fication for that steel. It does require that a steel shall 
have attained a significant volume of production or be gen- 
erally recognized as necessary before it is established as an 
S.A.E. steel. Thus, while these specifications provide 109 
steels and alloys, the various compositions for a single 
steel have been reduced from as many as nine to one. 

Each user has his preferred steel compositions and each 
steel company has its particular group of steels upon which 
it specializes and endeavors to develop continually in the 
direction of improved quality. To attempt at this time to 
reduce substantially the varieties of steels in these specifi- 
cations would not be desirable standardization. Its effect 
would be to stifle progress. 
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I know you have no desire to deprecate the work of the S.A.E. 
Iron and Steel Division, but our members do wish to have their 
representative type of organization recognized. The work that was 
published in the form of probability curves by Janitzsky was 
sponsored and directed by the Division and participated in by both 
the laboratories of steel makers and steel users. However, do not 


overlook the fact that shortly after that work was done, al! indus- 
try entered an era that made it difficult to sell any boss, steel- 
maker, auto maker, or any other maker, the idea of embarking upon 
the stupendous program required to develop reliable test data for 
even the more common §.A.E. alloy steels. It is possible that 
Washington may attempt to tell us what steels we shal! in the 
near future but, passing that catastrophe, the S.A.E. Iron and Steel 
Division is ready to shoulder what it considers its responsibility 


at any time the conditions are propitious for such a lab 
With sincere regards, I remain, 
F, P. GILLIGAN, 
Chairman, : 
S.A.E., Iron and Steel Div. 


Editor's Note: We were of course aware that the Iron and Steel 
Division of the S.A.E. has well-balanced producer and consumer 
representation. The membership of the society as a whole is, 
however, obviously so overwhelmingly made up of users who have 
sO many interests which the society serves and so many problems 


on which the society tries to throw light, that to the S.A.E. asa 
whole, it would appear to us, the problem under discussion must 
be just another one of many equally pressing problems. The Iron 
and Steel Division, as Mr. Gilligan's letter shows, appreciates its 
opportunity and responsibility for the further clarification of the 
properties of steels. We wonder, though, if the S.A.E. as a whole 
appreciates the work of its Iron and Steel Division as much as the 
strictly metallurgical fraternity does. 

It is encouraging to know that the program is only suspended 
and not abandoned. The reasons for the suspension, as given by 
Mr. Gilligan, were valid ones, but the problem has become more 
rather than less pressing during the hiatus, and it would appear 
that early resumption of the work could be economically justified. 
That is, with taxes as they are today, the net cost to the stock- 
holders of doing the needed work would be less than it would 
have been under the conditions obtaining at the time of Janitsky’s 
reports. 

The center has the ball ready to snap after a long time out. 
We'd like to hear the referee blow the whistle to start play once 
more. The half who made the long run before, but was knocked 
out by the depression seems to be O.K. now and we'd like to see 
him take the ball again, with the other societies and groups active 
as interference, but if the S.A.E. ball-carrier shouldn't see Ope® 
territory ahead, a lateral to some other runner might be good 
strategy. We're more interested in seeing the ball move forward 
than in who carries it. 

Nobody will cheer Gilligan's committee more loudly than We 
when the goal line is passed. But there are still some 70 ya 
to go. Here’s hoping that we get out of the huddle and get the 
ball into play quickly —H. W. G. 
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The Hydride Process—| 


by Peter P. Alexander 


General Manager 
Metal Hydrides, Inc., Clifton, Mass. 


production, on a commercial scale, of various hydrides 
and the utilization of their special properties in the pro- 
duction of pure metals, alloys and pure active hydrogen. 
The hydrides, that is, the compounds of various elements 
with hydrogen, have been known to chemists for a long 
time but it is only recently that an intensive study of these 
interesting compounds has revealed the importance of this 
group from the standpoint of industrial application. 
The elements Li, Na, K, Rb, Cs, Ca, Sr and Ba, enter into 
combination with hydrogen in only one proportion, form- 
ing only one definitely established hydride, such as LiH or 


|: HYDRIDE PROCESS HAS FOR ITS OBJECT the 


CaH,, for example. Other elements such as boron or 
silicon form with hydrogen a series of compounds. There- 
fore, the number of known hydrides is considerable. 


How Hydrides Were Discovered 


The st of the discovery of some hydrides is one of 
the typical adventures of research. The discovery of the 
boron hydrides is probably one of the best illustrations of 
the way in which a little change in experimental technic is 
sufficient to determine either complete failure or glowing 
success. The determined search for boron hydrides by such 
outstanding investigators as Wohler, Daville' and Moissan? 
completely failed to obtain boron hydride from aluminum 
boride and hydrochloric acid. Yet Stock and his col- 
laborators’ ° by using only slightly different technique, 


revealed a completely new field and established the fact 
that boron forms a chain of compounds analogous to the 
hydrocarbons. 

The number of hydrides prepared by different investiga- 
tors is considerable, and the identity of the volatile hydrides, 
such as most of the hydrides of boron or silicon, is definite- 
ly established, since they can be isolated by fractional dis- 
tillation. The identity of the hydrides of the elements of 
higher atomic weight cannot be established with equal cer- 
tainty. The hydrides of Ca, Ba, Sr, Ti, Zr, Th, Cd and Ta 
are solids and usually decompose before reaching the melt- 
ing point. Under varied conditions the amount of hydro- 
gen present in the compound may vary and therefore the 
chemical formulas by which different investigators pro- 
pose to represent them also vary. 

However, as the knowledge of these compounds in- 
creases it becomes evident that the hydrides are not mere 
alloys or metals holding hydrogen in occluded state, but 
are true compounds possessing different physical and chem- 
ical properties than the elements from which they have been 
produced. 

For instance, such good conductors of electricity as Li, 
Na, K and Ca, when allowed to absorb a sufficient amount 
of hydrogen, are converted into crystalline bodies which do 
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not conduct electricity, and in fact may even be considered 
as insulators. The melting points, the sublimation points, 
as well as the chemical properties of the formed hydrides 
are very different from those of the metals from which they 
have been derived. 


Properties of Calcium Hydride 


One of the most interesting and best known hydrides is 
calcium hydride (CaH,). If hydrogen is passed over 
calcium at a temperature of about 400 deg. C., the reaction 
between these two elements starts and proceeds with a large 
evolution of heat, until all the metallic characteristics of 
calcium disappear. The resulting compound is a dense, 
crystalline body which has a higher specific gravity than 
calcium, has a very much higher melting point, and can be 
easily pulverized into fine powder, 

The most interesting properties of calcium hydride are 
its behavior towards water, oxygen and nitrogen. With 
water or even slight traces of water vapor, it reacts instantly 
even at room temperature. But in the absence of moisture 
it does not react with either oxygen or nitrogen, even at the 
temperature of dull red heat. As it was shown by H. 
Moissan‘, the discoverer of this hydride, it can be calcined 
in dry hydrogen at the temperature of red heat for several 
hours without any loss or gain in weight. 

The heat of formation of calcium hydride as shown by 
A. Guntz and Basset, is 46,200 calories per mol. More 
recently C. B. Hurd and K. E, Walker® gave the heat of 
formation as 51,100 calories per mol, 


Reduction of Refractory Oxides 


The properties of calcium hydride have been utilized in 
the Hydride Process for the reduction of refractory oxides.’ 

Since calcium hydride can be easily pulverized in the jaw 
crusher, it is mixed in the usual tumbling barrel with a re- 
fractory oxide such as titanium oxide, and fed into a fur- 
nace heated to 900-1000 deg. C. 

At a low temperature calcium hydride does not react with 
the oxide but above red heat it gradually dissociates into 
nascent hydrogen and nascent calcium with the result that 
the refractory oxide is completely reduced to metal. 

Since the heat of different reactions taking place in the 
furnace almost balance one another, there is no great excess 
of heat evolved, and unlike the Thermit Process, the re- 
action proceeds gradually with the temperature seldom ex- 
ceeding 1000 deg. C. The result of such a low tempera- 
ture reduction is that the products of the reaction come, not 
in a fused mass, but as a fine powdered mixture of CaO 
and TiH, which can be degassed and gives pure metal con- 
taining only a small amount of hydrogen. The grain size 
of the produced metal is about 300 mesh. 
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The heat of formation of other hydrides, with one ex- 
ception, is lower than that of calcium hydride, but in every 
case it is quite appreciable. This fact has been utilized in 
the Hydride Process for the better control of the reactions 
involved in the production of chemical compounds. 


Calcium Hydride Directly from Lime 


One of the interesting illustrations of such methods is 
the production of calcium hydride directly from lime.® 


Calcium oxide under ordinary conditions is such a fe- 
fractory oxide that it can not be reduced at 1000 deg. C. 
by any reagent. for example, if calcium oxide is heated 
with magnesium, the reaction shown below cannot take 
place since the heat of formation of calcium oxide is greater 
than that of magnesium oxide: 

CaO + Mg = Ca + MgO 
—151,710 cal. +- 145,760 cal. 
However, if the calcium oxide is treated with magnesium in 
hydrogen, then the reaction does take place. Thus: 
CaO + Mg + H: = CaH: + MgO 

—151,710 cal. -+ 46,200 cal. ++ 145,760 cal. 
The excess of heat of reaction, even if we accept the lowest 
given value for the heat of formation of calcium hydride, 


is 40,250 calories. Therefore, the reaction Z0€s On to 
completion. Other reactions also take place in hydrogen 
much more readily if a corresponding hydride is being 
formed. 

The calcium hydride obtained by this method js cop. 
taminated with traces of magnesium which alloys very 
readily with calcium, yet for many purposes such a product 
is entirely satisfactory. 


Other Hydrides 


The use of other hydrides such as zirconium hydride and 
titanium hydride gives equally interesting possibilities, Ip 
fact, the numerous hydrides, some of which are gases, others 
liquids, and still others stable solids, offer an almost yp. 
limited choice, and practically any requirement can be met 
by the selection of a hydride with some particular physica) 
and chemical properties. 

(To be continued) 
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A LETTER TO THE EDITOR 


Hardness of Metals 


To 45e Editor: In the book review section of the June issue of 
METALS AND ALLoys, p. MA 385, there is a review of the book 
entitled ‘Hardness of Metals’ by F. C. Lea. In this review it is 
stated: ‘For example, curves are given showing that with a worn 
Rockwell diamond cone, Rockwell C values some six points low 
were obtained over most of the range, as compared with readings 
with a new cone.” 

As manufacturers of the ‘Rockwell’’ tester we were vitally 
concerned with this reference in Professor Lea’s text and we wrote 
Prof. Lea a rather lengthy criticism of the book and we are send- 
ing you herewith an extract from this letter which refers to his 
comments on a worn penetrator. 


“On page 52 you refer to results obtained with a “worn” 
and new diamond penetrator and show the values in Fig. 
29 which average 5 to 8 points low with a ‘worn’ pene- 
trator as against a new penetrator. We cannot understand 
this. We have never in our many years of experience with 
diamond penetrators and with the Rockwell tester run across 
such a condition. It is possible that a diamond might wear 
sufficiently to cause a somewhat lower reading but it would 
be a matter of tenths of a point and not several points. It 
would seem as if you must refer to a broken penetrator 
where you specify a ‘worn’ penetrator, or perhaps you 
were using a penetrator which had a poor shape from the 
beginning such as those plotted in Fig. 26. Poorly shaped 
diamonds would very easily give you readings as low as you 
report but a diamond ground to 120 deg. angle with a 0.2 
mm. radius truly tangent would under no circumstances 
cause such readings according to our experience and our 
knowledge of the Rockwell tester and diamond cone pene- 
trators, except due to chipping. 

“We have examined many cones which have made over 
1,000,000 tests and they have not begun to show variation. 
We have here in our laboratory penetrators which we have 
used almost continuously since we first started in this work 
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around 1922 and they are still reading, as closely as we can 
determine, the same as when we originally usec them. 
We would appreciate seeing one of our penetrators in such 


worn condition that it would give such low readings 
Whether or not the penetrator which you refer to as being 
worn is really worn, or broken, or was badly shaped from 
the beginning, we do not know; but we do f most 
strongly that it is wrong to use and publish tests made with 


an abnormal penetrator such as this one obviously is. 

“If, as is probable, your ‘worn’ penetrator was actually 
broken, which you could determine certainly under good 
magnification, then how could any corrective chart be estab- 
lished, for no two diamonds break similarly and even one 
diamond, once it had started to break could not be trusted 
at all. 

“You must keep in mind that breakage at the tip, while 
not greatly affecting hardness determined by dividing load 
by area, as employed in Brinell testing, will definitely affect 

Load 


the Rockwell as it is not a machine to the same 





Area 


extent. The zero setting for depth reading on the Rockwell 
is vital and yet would be grossly in error with a broken 
tip. This is due to the fact that Rockwell readings are 
based upon increment of depth with increment of load and 
not upon total depth due to only major load. 
“The life of a ‘Brale’ is limited and it must be replaced 
from time to time. This is due to breakage and not weat. 
In fairness to the large number of Rockwell users who read 
METALS AND ALLOoys we feel it would be to their interest for you 


to call the above to their attention. 
V. E. LYSAGHT. 


Wilson Mechanical Instrument Co., Inc., 
New York City 


Something was undoubtedly haywire with Lea’s Rockwell. His 


: > ‘ . j 
conversion curves to Vickers and Shore are way out of line with a 
others —H.W.G. 
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STEELS FOR 


Turbine Rotor Forgings 


AND THEIR HEAT TREATMENT 


byN.L.Mochel 


Metallurgical Engineer, 
\ esti? ; IWAE Electric CG Mite 0.4 Philadelphia. 


booklet dealing with steam turbines, printed in the year 

1905, which has the following introductory statement: 
‘The opening of the present century was marked by no 
more important event in the history of American industrial 
devel ent than the general introduction of the steam tur 
bine power service.” 


Early History of Turbines 


Th iction turbine principle had been demonstrated 
by He f Alexandria in 120 B.C., and the impulse turbine 
princip|c by Branca of Italy in 1629. Small turbines of the 
reaction type had been built by Avery in Syracuse in 1833 
to 182 Sir Charles Parsons had produced his first com- 
mercial turbine in 1884. It was not until the closing years 


of the nineteenth century that real development in this 
country is instituted. 


hig. Cross-Section of 

a 35, K.W. Tandem 

Compound Turbine of 

Modern De en lo Operate 
600 R.P.M. 
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In 1901, the largest steam turbine then in commercial 
use in the United States was installed at Hartford, Conn 
This was’ of 2000 k.w. capacity, operating at 1200 r.p.m., 
with steam at 155 Ibs. and total temperature slightly over 
400 deg. F. By 1905, when the above quoted statement 
was made, turbines up to 10,000 k.w. capacity were possible, 
with pressures up to 175 lbs., and total temperatures not 
over 500 deg. F, 

In the 30 odd years that have passed since that time, en 
gineering history has recorded the rapid developments in 
capacity, in reliability and efhciency, and in wide-spread 
adoption of the steam turbine. Turbines up to 165,000 
k.w. Capacity on a single shaft have been built and are in 
successful operation, and units of even larger capacity have 
been built on two or more shafts. A number of turbines 
have recently been built and are building which take steam 
at 1200 Ibs. and 950 deg. F. total temperature. 

In the marine field, from the sensation caused at the 


\ (W) 


\ TANOEM COMPOUND STEAM TURBINE 





















Naval Review at Spithead in 1897 when Sir Charles Par- 
sons’ ‘“Turbinia’’ reached a speed of 32 knots, the use of the 
turbine for ship propulsion developed rapidly and now 
completely dominates the field. As in land service, pres- 
sures, temperatures and operating speeds have increased rap- 
idly in recent years. 

The statement of 1905 has been more than confirmed in 
the few years that have passed; truly, the development and 
adoption of the steam turbine has had a most important 
part in the development of industry, transportation, and our 
general civilization. 

With the central stations once more enlarging their 
facilities, and with the widespread installation of turbines 
in municipal stations and in industrial plants, with the pres- 
ent naval developments and the increase in shipbuilding 
in general, it is quite natural that considerable interest 
should be aroused in steam turbines, and, among engineers 
and metallurgists, an interest in the materials used for their 
construction. 


Materials Used in Turbines 


There has been considerable inquiry as to the materials 
used for turbine rotors, and how they are treated to have 
them meet the rigid requirements of operation. This in- 
terest has come not only from those who are involved di- 
rectly or indirectly in the purchase or operation of steam 
turbines, but from those who apparently would consider the 
use of similar materials and methods for other purposes. 


190 , 
Fig. 2. 
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Turbine rotor design has gradually developed from a 
built-up type using many parts to one employing but 4 
single forged piece. 


Originally, reaction or impulse reaction turbine rotors 
consisted of a hollow shell body, with shaft ends fitted 
thereto, and a number of separate rings shrunk thereon, 
There was a gradual reduction in the number of 
parts, this being especially observed during the 
period beginning about 1912 to about 1923. At that 
time, designs were so modified that rarely were more than 
two pieces used in a rotor, and whenever possible, the rotor 
consisted of a single forging. 


Curtis or Curtis-Rateau designs have long used a central 
shaft on which are fitted a number of discs, with each disc 
usually carrying a single row of blades or buckets. This 
design is still used extensively where temperatures permit, 
and in low temperature turbines of all types, but in more 
recent years, there has been a decided trend, as temperatures 
have advanced, toward the use of a single forging, involving 
the machining out of the discs to desired shape from the 
solid forging, and having them an integral part of the 
shaft. 

These general remarks apply as well to central station, 
industrial and marine turbine practice. It is the purpose of 
this article to deal primarily with turbine rotor forgings 
of the one-piece design, although naturally the remarks will 
apply in some degree to all rotor forgings. 


A Number of Carbon Steel and Alloy Steel Rotor Forgings Ready for Finish Machining. 
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Fig. 3.—A Large Carbon Steel Rotor Forging Weighing 109,600 Lbs. 


Fi shows the cross-section of a 35,000 k.w. tandem 
compound turbine of modern design, to operate at 3600 
p.m. It will be noted that the rotor for the high pres- 
sure turbine, at the right, is a single forging. The maxi- 
mum diameter is approximately 31 in., and the rough 


machined weight 13,800 lbs. It will be noted that the low 
pressure rotor, at the left, consists of one main forging 
and two separate discs, one at either end. These could have 
been forged with the main rotor, but for various engineering 
and manufacturing reasons have been produced as indi- 
vidual pieces. The main forging has a maximum diameter 
of 38 in. and the rough machined weight 20,500 Ibs. 
The turbine rotor must carry the moving blades or 
buckets, and transmit power to the generator, propeller or 
other driven member. As speeds of operation, steam pres- 
sures and temperatures, blade loads, size and design and 
Operating conditions vary, there is naturally some selection 
possible as regards material, and heat treatment. There are 
many requirements and considerations involved, a detailed 
discussion of which is not intended in this article. 


Two Fundamental Considerations 


There are, however, two fundamental considerations, and 
these must control the selection of material and the heat 
treatment employed: 


1. The material must have general physical char- 
acteristics to withstand rotation and transmit load. 

2. The rotor must be possessed of such general sta- 
bility as to operate smoothly over many years. 


‘Plain carbon steel was naturally first employed for tur- 
bine fotors, and it is still used where design and operating 
conditions permit. Its service record is very good, indeed 
We consider it our most reliable material for the purpose, 
ce in operating speeds, temperatures, and blade 

ave naturally required the development of alloy 


OCTOBER, 1937 





steels, in order to meet largely the first of the fundamental 
considerations given above. This has, however, added 
greatly to the difficulty of the second consideration. 

Nickel steel has long been used, but in more recent years 
for more severe conditions, the development has largely 
been in the field of nickel-molybdenum, with the addition 
in some cases of chromium or vanadium, or both. Typical 
specifications for carbon, nickel and _ nickel-molybdenum 
steel rotor forgings are shown in the Table. 


Table of Chemical Composition and Tension Test Requirements 
of Typical Turbine Rotor Forging Specifications 


Chemical Composition: 


Type 1 2 3 } 5 6 

Carbon 0.48 max. 0.45 max. 0.43 max. 0.40 max. 0.43 max. 0.43 max 
Manganese 0.40-0.80 0.40-0.80 .40-0.80 0.75 max. 0.40-0.80 0.90 max 
Phosphorus 0.04 max. 0.04 max. 0.05 max. 0.04 max. 0.04 max. 0.05 max 
Sulphur 0.045 max.0.045 max.0.05 max. 0.04 max. 0.045 max.0.05 max 
Silicon 0.30 max. 
Nickel 2.75-3.75 2.50 min. 3.25 max. 2.50 min. 2.50 min. 
Chromium 0.60 max. 0.30-0.60 1.25 max. 0.60 max. 0.60 max 
Molybdenum 0.20 min. 0.30-0.50 0.30 min. 0.25 mir 
Vanadium 0.25 max. 0.25 max. 


Tension Test Requirements: 


Type ] 2 ; { 5 6 
Tensile strength, Ibs. 

SS SRR re 75,000 85,000 90,000 85,000 95,000 100,000 
Yield strength, lbs. per 

sq. in. ESS Pe Bo 40,000 . 5,000 65.000 og 
Proof stress, lbs. per 

DEA Ds vecdinawdeve 60,000 65,000 
Elongation in 2 in.... 20.0 20.0 18.0 15.0 18.0 
Red.of area, per cent.. 35.0 10.0 10.0 24.0 35.0 

The tensile properties shown above are for tangential test specime 
for Types 1-2-3-5-6 and for radial specimens for Type 4, all located 
greater than half radius of the forging Longitudinal. specimens require 
higher percentages of elongation and reduction of area than those shown, 
and, when tangential or radial specimens are located at less than hall 
radius, slightly lowered values of elongation and reduction of area ar 
allowed. 


Such analyses and required physical properties are so at 
ranged that the properties may be readily met by normaliz 
ing and drawing, and the first of our fundamental consid 
erations is taken care of. 

For many years, the Westinghouse company more or 
less assumed responsibility for the second consideration, and 
required the supplier to merely meet the specified physical 
properties. The forgings were then carefully rough 
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Fig. 4.—Critical Ranges Determined on a Carbon Steel 
Rotor Forging. 


machined more closely to finished size and shape, and given 
a long stress-relieving treatment, usually in round, vertical 
furnaces, if possible hanging the forgings in the furnace. 
Later, it became apparent that the second fundamental con- 
sideration, the matter of stability, should be dealt with from 
the very beginning, and the heat treatment to give desired 
properties, and the heat treatment to give desired stability, 
should be coordinated, and carried out entirely by the forg- 
ing manufacturer. 


Heat Treatment of Carbon Forgings 


For carbon steel forgings. the Westinghouse company 
specifies heat treatment as follows: 


(a) Forgings of 40 in. diameter and larger shall be treated 
as follows: When the forging is completed, and without 
permitting it to become cold, it shall be taken to the treat- 
ment furnace and uniformly reheated to a temperature sufh- 
ciently above the upper critical range to break up the ingot 
structure, held the necessary length of time and then 
withdrawn from the furnace and air cooled under closely 
controlled conditions, protected from moisture. Upon being 
cooled to a black state, it shall be reheated to a low an- 
nealing temperature, held the necessary length of time and 
uniformly cooled. The forging shall then be preliminary 
rough machined all over, including the rough boring of the 
axial exploration hole. The forging shall then be charged 
into a cold furnace and reheated to a temperature above the 
upper critical range to refine the grain, held the necessary 
length of time, and withdrawn from the furnace and air 
cooled under closely controlled conditions, protected from 
moisture. Upon being cooled to a black state, it shall be 
reheated to a low annealing temperature, held the necessary 
length of time and uniformly cooled. The forging shall 
then be rough machined to the dimensions of the purchaser's 
forging drawing, after which it shall again be charged into 
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a cold furnace, reheated to a temperature of not less than 
1050 deg. F., held for a sufficient length of time and cooled 
slowly in the furnace. No further machining other than 
cutting off test specimens and finish boring of axial explora- 
tion hole is to be performed after this final annealing. 


(b) Forgings less than 40 in. diameter may be treated in 
the same manner as outlined above; or the sequence of 
heating and machining operations may be varied depending 
on the size and shape of the forging, but in any event, the 
forging shall be heated twice to a temperature above the 
upper critical range and air or furnace cooled, and it shall 
receive a final low temperature annealing at a temperature 
of not less than 1050 deg. F. and slowly cooled in the 
furnace after all rough machining has been completed 


In reality, a typical treatment would be as follows, with 


a carbon content of 0.42 per cent: 


1600 deg. F.—hold 30 hrs.—air cool to black 
1260 deg. F.—hold 30 hrs.—furnace cool 
Rough machine 

1480 deg. F.—hold 27 hrs.—air cool to black 
1200 deg. F.—hold 30 hrs.—furnace cool 
Machine to specified dimensions 

1050 deg. F.—hold 48 hrs.—furnace cool. 


No Liquid Quenching 


Liquid quenching is not permitted. In Europe, it has 
been the practice to oil quench large rotor forginys, but 


American producers and consumers are agreed against such 
practice. Discs of comparatively thin and uniform section 
have been quenched at times, but by altering the c!icmical 


composition, it has been found possible to secure ihe de- 
sired properties without resorting to quenching. 

Fig. 2 shows a number of carbon steel and all. y steel 
rotor forgings ready for finish machining. The vai iety of 
shapes and sections is well illustrated. Fig. 3 shows « large 
carbon steel rotor forging, weighing 109,600 lbs. The 


largest diameter is 62 in., and the overall length 0 ft. 
7 in. 
It is believed that a consideration of the masses, and vati- 


able sections involved, will convince that liquid quenching 
is a practice to be avoided. 

The specified treatment for alloy steel forgings is the 
same as that specified for carbon steel forgings over 40 in. 
in diameter; in other words at least two normalizing and 
drawing -heats, and a final stress relieving treatment. In 
some cases, it is desirable in the first stage to normalize 
twice before the first drawback. The temperatures and 
times used must of course be adjusted to the composition 
used. 


Use of Alloy Steel 


Alloy steel, as stated above, largely becomes necessary 
under the first fundamental consideration, that is to pfo 
vide physical properties ample to support the loads in- 
volved. In some cases, high temperature may be the con- 
trolling factor; in other cases, it is purely by reason of high 
loads. For example, in a low pressure rotor, such as the 
one shown in Fig. 1, alloy steel is used for the rotor because 
of the long blades and the high speeds encountered. In the 
case of the high pressure rotor in Fig. 1, the use of the al- 
loy steel rotor is more by reason of the high temperature 
encountered, in this case, 850 deg. F. 

It was stated above that the use of alloy steel adds greatly 
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to the difficulty of the second consideration, the feature of 
stability. The release of internal stresses in turbine rotor 
forgings is imperative, if smooth running is to be secured. 
Stress relieving is purely a matter of relaxation, accom- 
plished by heating a material to a sufficiently high tempera- 
ture as to permit the relaxation of those stresses in the time 
period used. Stress relieving, in the author's opinion, in- 
volves three factors: Temperature, time, and the amount or 
degree of stress involved. High stresses are more quickly 
relieved than low stresses; and the higher the temperature, 
the more quickly stresses are removed. Stresses of low de- 
gree, that in years past because of lower temperatures of 
operation did not “come out” and interfere with service, 
now become serious with the higher operating temperatures. 

Creep and relaxation are closely related, and involve the 
same general considerations. It will be readily appreciated 
that, when we devise an alloy steel to give improved 
strength and creep resistance at high temperatures, at the 
same time we make it more difficult to bring about relaxa- 
tion or relief of internal stresses. Longer time periods 
naturally become necessary. 


Further, the temperature that can be utilized for stress 


relieving is restricted by our first consideration; the desired 
physical characteristics must be retained. 

The use of nickel as the main alloying element was prob 
ably a natural one. Producers and users alike had a back 
ground of experience with it, especially when heavy masses 
were involved. The first need for alloy steels was largely 
for inc‘cased physical properties, at moderate temperatures 
It readi.y gave the desired properties. 

We know, however, that the addition of nickel to steel 
lower critical ranges, both during heating and cooling. 


Critical Ranges 
Fig. 4 shows the critical ranges determined on a carbon 
steel rotor forging, and Fig. 5 on a Ni-Cr-Mo-V rotor forg- 


ing. Actual analyses were as follows: 


Ni-Cr-Mo-V 


Carbon Steel Steel 
Carbon 0.42 0.27 
Manganese 0.71 0.56 
Phosphorus 0.043 0.015 
Sulphur 0.033 0.019 
Silicon 0.235 0.176 
Nickel nil 2.70 
Chromium 0.10 0.10 
Vanadium nil 0.094 
Molybdenum nil 0.31 


| Now it is recognized that these are laboratory determina- 
tions on small specimens cut from the rotor, and that the 
rate of cooling has a very considerable effect upon the po- 
sition of the Ar ranges. However, the laboratory speci- 
mens were slow cooled in the furnace, and the large forg- 
ings were air cooled through the critical ranges, and it is 
believed the curves show in a fair way, the general position 
of the ranges. 


| In air cooling such forgings as shown in Figs. 2 and 3, 
it will be appreciated that the outer portions, end faces, 
shaft portions, etc., must cool more rapidly than inside por- 
tons, and will progressively pass through the critical ranges 
while other portions lying underneath are as yet above the 
critical ranges, 

We will note in the case of carbon steel, Fig. 4, that the 
‘ange extends from 1330 deg. F. to 1245 deg. F. Carbon 


steel at such temperatures is quite plastic and the changes in 
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Fig. 5.—Critical Ranges on a Ni-Cr-Mo-V Rotor Forging. 


volume can be accommodated without the setting-up of un 
due stresses. Such internal stresses as are set up can be re 
lieved by a reasonable length of time in the final draw and 
stress relieving treatments. 

We will note, however, in the case of the alloy steel, Fig. 
5, that the range is much lower, and extends as low as 815 
deg. F. Considering the higher strength characteristics of 
such a steel over the temperature ranges where volume 
changes are shown, it will be appreciated that quite high 
internal stresses may be set up, which can only be removed 
by longer time periods in the final draw and final stress re- 
lieving treatments. The author, therefore, feels that long 
final anneals of the order of 50 hrs. are necessary for best 
results. 

Our experience going back many years indicates that 
round vertical furnaces, in which the rotor may be supported 


or hung with the axis vertical, are to be preferred for these 
final heats. 


A Need Stressed 


Plainly there is need for a steel that can be used for tur- 
bine rotor forgings that will give the desired properties 
under the first consideration, and that will have critical 
ranges sufficiently high as to assure that volume changes 
will take place at those temperatures where the metal is 
quite plastic. Much thought is being devoted to this prob- 
lem. 

The suitability of turbine rotors under the first consid- 
eration is judged by analyses, tension tests, the structure, 
sulphur printing, magnetic examination, and internal bore 
examination; the suitability under the second consideration 
by the so-called heat indication test at the place of manu- 


facture and the shop running tests in the turbine manufac- 
turer's plant. 
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METALS AND ALLOYS USED IN 


DIESEL LOCOMOTIVE CABS 


by Edwin F. 


Cone 


for railroads is a comparatively new industry. It has 

ilready grown to fairly large proportions. The prob- 
lems involved in the construction of these units have been 
man particularly as to the selection of metals and alloys. 
Many of these problems have been solved, for the present 
at |e and others are still being studied. 

It is the object of this article to put before the reader 
some of the interesting facts about the steels which go into 
the construction of certain types of Diesel locomotives, why 
they are selected and how they are handled. By locomotive 
is understood the cab or large framework which houses 
the envine, and not the engine itself. The facts are based 
on the experience of the Electro-Motive Corporation, La- 
Grang«, Ill., a subsidiary of General Motors Corporation 
whose valued cooperation is acknowledged. 

This company produces in its modern plant, Diesel 
switching locomotives and Diesel high-speed passenger lo- 
comotives. The power plant or engine is furnished by 
the Winton Co., Cleveland, another subsidiary of General 
Motors. There is a distinct difference between these two 
types of locomotives or cabs: Low weight is an important 
factor in passenger locomotives, but weight is added on 
switching locomotives in order to get the required tractive 
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effort. To the extent that these differ, as stated, so do 
they differ as to the steels needed in them. Therefore this 
article will be divided into two parts—a description of the 
passenger and then the switching locomotives. In each 
case the portion which houses the Diesel engine—the 
superstructure—is treated first, and then the trucks, includ- 
ing the wheels and axles, which carry the cab. 


Diesel Passenger Locomotives 


ROM the point of view of the metal which is incor 

porated in the Diesel passenger or high speed locomo 
tives, this unit is doubtless more interesting than is the 
switching locomotive because more alloy steels are used. 
A problem involved in both types, however, is the incor- 
poration of the proper weight on the super and under struc- 
tures to support the weight of the Diesel engine itself. And 
with this is involved the consideration of strength, particu- 
larly because the passenger unit must travel at a very high 
speed. The engines are 1800 H.P. and the locomotives 
travel at a maximum of 100 to 120 miles per hour. 

In the high-speed locomotive, weight is naturally a 
primary consideration, but this must be kept down so far 
as possible in order to insure a quick get-away. Therefore 


One of the Completed High-Speed Diesel-Electric Locomotives. 
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strength is vital, combined with high impact resistance. In 
the design and construction of these locomotives therefore, 
there are involved lightness with enough weight; steels of 
sufficient strength to insure lightness and not excessive 
weight ; the absence of, or the counteracting of stresses from, 
welding; and impact resistance. 


Superstructure — All Weided 


The framework of the superstructure of the passenger 
locomotive is made of two types of steel—one for those 
parts that are load or stress-bearing and the other tor those 
that do not carry any particular load. The entire super- 
structure is welded. For the stress or load-bearing parts, 
a manganese-molybdenum steel is used exclusively, and for 
the other a plain carbon steel, $S.A.E. 1020. 


The Low-Alloy Molybdenum Steel 


For the load or stress bearing metal, the company has 


Front View of All-Welded Frame Work of High-Speed 
Diesel-Electric Locomotive Prepared for Loading Tests. 

























A Typical Diesel-Electric Switching Locomotive. 






selected a low-alloy, high elastic manganese-molybdenum 
steel. Rather it should be stated that it is a modified 
pearlitic Mn-Mo steel, the manganese averaging 0.90 to 
1.00 per cent. It is a basic open-hearth product. The 
composition and properties of a typical steel are viven in 
the Table. This steel is used as plates up to 2 in. thick, as 
sheets of various gages, and as shapes required by the vari- 
ous parts for which intended. 

Some of the reasons given by the company for using this 
steel are as follows: 

1. Its high yield strength and rather high tensile strength. 

2. Its excellent forming properties, particularly cold 

bending. 

3. No cracking in shearing. 

i. Good endurance properties. 

5. Good impact properties at low temperatures 

6. Weldability, highly satisfactory. 


Table of a Typical Composition and Properties of the Mn-Mo 


Steel compared with Plain Carbon. (Per cent) 

Composition : Mn-Mo iin Carbon 
te RE pee One ihn’ pu bo'cee 0.13 0.16 
SE PP POI TOE OTD 0.91 0.44 
GE Ce Cn oe abt oe sdbaves ere 0.17 0.01 
ENE ETE ae ere ar ee 0.016 0.012 
Eo RNIN x's ba a8 eo Reale} o's 0.017 9.021 
ID ~: i'n i-wip so ah wih’ s « ee < 4.0: 6 9.51 yy 
NE on Und is At a vk eet Wire 38 0.08" ).04* 
Re Ga res eee 0.07" 

Chromium ...... a bets Kika GRIN Ss bow wa 0,04* 
- Residual. 

I’hysical Properties (As Rolled) ‘ 
Tensile strength, p.s.i. ..... ; $3,280 92,690 
fT 3 eee ere eee ee 39,800 
Elongation in 8 in., %......6+. oneds. see 37.6 
et Se er ae 56.6 8.9 
EE EE c'e-crs on op cates DOMES Fe vow 149 121 
SG MENS 2 cbc so ghee ee eas c &tae 180 180 


These reasons are founded on extensive tests based on 4 
careful survey of weld samples and comparisons made with 
other commercial materials of the above characteristic. 
The consideration of impact properties at low temperature 
is brought into the picture because the locomotives must 
often travel in cold climates at high speeds. Wherever 
possible, welded parts are stress relieved in a furnace, Jater 
described. Naturally, the whole structure can not be 
stress relieved, but the beams and floor of the cab cam be, 
and are. 


As stated above, this entire superstructure in which these 





Truck Assembly of Modern High-Speed Diesel-Electric Locomotive 


two s ire employed is welded. In the welding of the description of this is difficult but, by consulting the illus 
Mn-Mo steel, welds are made by electrodes which approach trations, some conception of its design is possible. Afte 
in Co! sition the parent metal in all cases. Practically all the framework is completed and such stress relieving as is 
know ethods of welding, automatic and manual, are necessary and possible has been taken care of, the skeleton 
used at some stage in the construction is covered. Here also. 

Th lerframe structure or high speed Diesel electric two types of steel are used. If the covering is not to b« 
locot is a series of beams of welded Mn-Mo stecl. A painted, stainless stecl is employed. If it is to be painted 


The « Steel Foundation or Underframe of a Switching Locomotive. The thick plate which is welded on top of the 
casting, as described, can be detected. 


















































One of the Many Welding Operations Used on Both Types of Loco- 
This is a welding operation on a switching locomotive. 


moti! Ci. 


as per specifications, sealed galvanealed ply-metal panel is 
used. In some instances a ply-metal with stainless on the 
outside and galvaneal metal inside, is the rule. 

The roof is frequently covered with stainless steel, plug 
welded by a special process. In other cases a low-alloy, 
high elastic steel is specified and protected by proper paint- 
ing. The importance of good impact properties—40 ft. 
lbs. or over at ordinary temperatures—with high strength 
and a low weight ratio is highly stressed in the selection of 
this sheet material. 


The Understructure 


The trucks underneath this welded superstructure are of 
conventional design into which alloy steels also enter. This 
truck frame and bolster is an intricate and interesting one- 
piece casting of 2.25 per cent nickel steel, double annealed 
and drawn. Its properties are approximately as follows: 
Tensile strength 86,500 and elastic limit 52,000 Ibs. per 
sq. in.; elongation 28 per cent in 2 in., and reduction of 
area 56 per cent. 

The wheels are not standardized as to composition. 
Plain carbon rolled steel wheels are seldom used, oil 
quenched and drawn, as well as also a water-toughened 
rolled steel wheel, rim treated. A molybdenum steel rolled 
wheel is employed in some cases. The company has also 
experimented with cast steel wheels, subsequntly rolled and 
heat treated, but no decision has yet been finally made as 
to composition and heat treatment. Quite obviously these 
wheels have to stand much punishment at the high speeds 
employed. 

A forged steel axle is used, standardized for both the 
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highspeed and switching locomotives. It is a high carbon 
steel of approximately the following properties: C 0.54. 
Mn 0.72; Si 0.22; P 0.017; S 0.026 per cent with a tensile 
strength of 89,420, and an elastic limit of 51,950 Ibs. per 
sq. in., and an elongation of 27 per cent in 2 in. and a ge. 
duction of area of 46 per cent. 

The inspection of these axles is severe. Duplicate test 
bars are employed and etch tests are made of cross sections 
in order to minimize the possibility of fatigue failures, Each 
axle is ground all over and given a careful magnaflux test, 
Any axle is rejected which shows even the most minute 
cracks, surface seams or ghost lines. 

The equalizers for the trucks, standardized for both 
types of locomotives, are high carbon forgings, double nor. 
malized, followed by drawing treatment, with a tensile 
strength of 92,100 and an elastic limit of 54,500 Ibs, per 
sq. in., and an elongation of 25.0 per cent in 2 in. and a 
reduction of area of 44 per cent. Its Brinell is 116 to 134, 
and its impact value at room temperature is 37.5 ft. Ibs, 
(Charpy). At low temperatures this value is also satis- 
factory. 

As a safety precaution, drop tests, using a 1640-Ib. tup, 
are made with heights of drop up to 50 ft. 5 in. with re. 
sulting deflections of 7.36 in. without producing defects 
of a visible nature. Springs for the trucks are plain carbon 
steel, heat treated to specified low deflection characteristics. 

An important point in the building of these locomotives 
is the fact that load deflection tests are made with extreme 


precision and care on every new design. Such !oad de- 
flection tests require elaborate and extensive apparatus, and 
two to three days to complete in the case of the super- 


structure of a large locomotive. 


Diesel Switching Locomotives 


N designing the Diesel switching locomotives, ample 

weight is primarily the consideration. Lightness is not so 
essential as in the case of the high-speed passenger unit, 
nor is strength combined with lightness so much a factor. 
The switching locomotives, which are standardized at 600 
and 900 horsepower do not of course, trave! at high 
speeds. 


The Superstructure 


A distinguishing feature of this type is that it employs a 
heavy underframe, made in two different ways: it is either 
a large cast steel rectangular slab on top of which a steel 





Micrograph of One of the Welds Used m 
the Construction of Diesel-Electric Locomonves. 
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plate, about 1/, to 7 in. thick is welded; or it is of welded 
construction into which plates of plain carbon steel up to 
4 inches thick enter. 

These cast underframes weigh up to 52,000 to 53,000 
lbs. each. If the steel casting is the main portion, it is a 
lain carbon steel of about 0.18 to 0.20 per cent carbon 
with a tensile strength of about 61,000 to 62,000 Ibs. per 
sq. in. One of the illustrations shows this heavy under- 
frame steel casting with the steel plate welded thereon. If 
the underframe is welded up of heavy steel plates, fillet 
welded by a special process, plain carbon steel is here also 
employed. Such an underframe is always stress relieved as 
described later. The welding of these large underframes 
by the automatic process is highly interesting and spec- 
tac lar. 
In building the switching locomotives, the superstructure 
is similar in a few respects to that of the high speed unit 
except that plain carbon steel is employed. It also is com- 
pletely welded. This structure varies in length from 47 ft. 
to 58 ft. with a height of 13 ft. 11 in. and a width of 9 ft. 
10 


The Understructure 

In the 4-wheel trucks for the switching locomotives, the 
side frames and bolsters are not separate castings, plain car- 
bon steel being the rule with a carbon content of around 
0.18 to 0.20 per cent and a manganese of about 0.85 per 
cent. The average tensile strength of the truck frame is 
aro 73,000 Ibs. per sq. in. and the weight is close to 
5,700 lbs. each. 

Thc wheels in this case are rolled steel with a carbon 
of about 0.76 per cent with the manganese approximating 
0.77 per cent. They are either oil quenched and drawn 


or rim toughened by a special process. Im most cases the 
customer is given the type desired. As to axles and 
equalizers, the same steels are used here as in the passenger 
locomotives described earlier. 


Stress Relieving Furnace 


The heavy welded underframes of the switching locomo- 
tives and certain of the welded portions of the passenger 
or high-speed units are always stress relieved. This is 
accomplished in a specially designed furnace, fired by gas 


General View of a Portion of the Large Plant. 


Here switching locomotives are being assembled. 
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Large Heat-Treating Furnace Used for the Stress Relieving 
of Welded Underframes of Modern Diesel-Electric Switcl 
ing Locomotives, Capacity is a charge of 100 tons. 


under high pressure, with pyrometric and draft control, 

The furnace is 74 ft. long, 13 ft. wide and 9 ft. high 
effective clearance. Charges up to 120 tons are used. For 
stress relieving the material is heated up to 1200 or 1250 
deg. F. and always cooled in the furnace. 

Two facts stand out prominently from this recital—the 
extensive use of welding and the dependence on alloy steels. 
Advances in the art of welding—particularly the automatic 
process—have made it possible to depend on this method 
of construction in solving certain problems of construction 
and in securing certain reliable and desired results. The 
development of the low-alloy, high elastic steels has also 
made possible the building of structures where lightness in 
weight is combined with adequate strength and resistance 
to impact, together with satisfactory welding properties. 
Doubtless these developments are forerunners of still fur- 
ther interesting -ones to come. 
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by A.B. Kinzel 


Chief Metallurgist, 
Union Carbide & Carbon Research Laboratories, 


meNew York 


HE SUBJECT OF INTERNAL STRESSES in welded 
structures has been the source of a great deal of specu- 
lation and conversation in the past few years. Opin- 

Pons on this subject differ radically, from the simple view 
that such internal stresses are non-existent or at any rate 

inconsequential, to the other simple extreme that internal 

stresses welded structures are potentially so serious that 

Pall weld«d structures should be stress-relieved. To those 

who ha\« been following the art and science of welding 
it is ob\ious that neither of these simple views is justified, 
that the matter is far from simple and that as yet it appears 

Sto be toc complex to warrant generalization. 


4 Proof of Internal Stresses 


© That internal stresses are produced to a greater or lesser 
© degree in any welding operation can be readily proved by 
| anyone who wishes to take the trouble to cut a welded 

plate into a number of portions and note the accompany- 


ing change in dimension. It is true that a similar change 
in dimension—frequently of the same order of magnitude 
| —also occurs when this test is applied to hot-rolled prod- 
ucts, but little is known about the internal stress distribu- 
© tion in the two cases and it is probable that there is a 
4 Marked difference in that the stresses existing in the welded 
) Structure are much more complex, generally less evenly 
PMistributed, and subject to highly local concentrations. 
| Thus, the argument that internal stresses in welded struc- 
p tutes are of no consequence because similar stresses occur 
PM hot-rolled products has little weight. 

Again, it is pointed out that cold-rolled products carry 
very high internal stresses. Bridge wire is frequently cited 
aS 4 case in point, and, based on the analogy with bridge 
: Wire, the argument proceeds to the conclusion that internal 
. stresses in welded structures are not harmful. Again, the 
Masoning is weak, in that the internal stresses in the bridge 
wire are parallel to the externally applied stress and single 

dimensional in character. This naturally leads to consid- 


“ration of the causes and the nature of the internal stresses 
Produced in welding. 


Upsetting Action 
In joining two plates of appreciable size by the fusion 
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nternal Stresses in Welds — 


THEIR CAUSE AND EFFECT 


welding process, the edges to be joined are heated to the 
solidus temperature of the metal in question. A tempera- 
ture gradient runs from this point to the cold plate, and the 
normal expansion which would take place in the high tem- 
perature zone is restrained by the colder metal immediately 
adjacent thereto. This restraint results in an upsetting 
action whereby the linear expansion of the hot zone is 
converted to bulk expansion, with actual thickening of the 
plate of this zone. 

As is well known, this upsetting action is not reversed 
on cooling. In fact, it is probable that it continues to take 
place during a portion of the cooling cycle. If the time 
temperature conditions on heating and the time at maximum 
temperature were sufficient so that the metal at moderately 
elevated temperatures would creep to such an extent that 
it was completely free from elastic stress, and if the time- 
temperature conditions were the same on cooling as on 
heating, we might expect the reverse of the upsetting action 
on cooling. In steel, however, even the postulated con- 
ditions would not be sufhcient because the allotropic trans 
formation on rapid cooling takes place at a much lower tem- 
perature than on heating, and both the elastic and plastic 
characteristics of the material differ in the two allotropic 
states. Moreover, in the welding of steel plate the other 
postulated conditions are far from being fulfilled. With 
normal speeds of welding, the rate of heating and the time 
at temperature do not allow the upsetting action even to ap- 
proach completion so that it is still going on duting some 
of the cooling, and the allotropic transformation taking 
place at a rather low temperature further complicates con- 
ditions. 

The accompanying curves, Figs. 1 to 4, taken from T. P. 
597, AIM&ME., February, 1935, by A. B. Kinzel, are il- 
lustrative of the conditions for gas welding. They were 
taken during the production of a 36-in. weld in 1/,-in. 
plate. Similar curves for electric welded material show 
much steeper gradients, so that the condition is still further 
exaggerated. Obviously, the magnitude of the internal 
stress produced in this manner will be a function of the 
length of the weld up to some limiting length, after which 
it will be practically constant. This is due to the fact that 
the end of the weld is a free surface and there can be no 
normal internal stress at such a surface. This end effect 
is transferred in some degree to the adjacent material. 
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Fig. 1.—Maximum Temperature Reached at Various Dis- 
tances from a Gas Welded Seam in a 1/;-in. Steel Plate. 


Quantitative Aspects 


While no published work seems to be available on the 
quantitative aspects of this end effect, it is generally recog- 
nized that free welds up to about 6 in. in length in ma- 
terial of thickness usually encountered are reasonably free 
from stress parallel to the weld, and that an internal stress 
condition approaching the maximum appears if the weld is 
some 2 or 3 ft. long, the internal stress remaining more or 
less constant as the weld exceeds this length. Thus, other 
things being equal, the intensity of the internal stresses for 
any given length and thickness of weld will depend large- 
ly on the thermal gradient. The steeper this gradient, the 
greater the differential length change between the adjacent 
zones and the greater the intensity of the internal stresses. 

The well-known surface tension phenomenon whereby a 
cube of steel will assume spherical shape when heated and 
cooled often enough has been mentioned in the production 
of internal stresses, but it would seem that this is quantita- 
tively inconsequential as compared to the phenomenon 
above described. 

It is to be particularly noted in connection with the above 
argument that the internal stresses in externally unrestrained 
members are produced in a direction parallel to the weld 
and occur in the heat-affected zone immediately adjacent 
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Fig. 2.—Maximum Temperature Reached at Short Distances 
from a Gas Welded Seam in a 1/>-in. Steel Plate. 





thereto. Whether or not they are to be eliminated by 
processing before a welded structure is put into service de. 
pends largely on their magnitude. All of the above per. 
tains to the welding of externally non-restrained structures, 
such as plates which are free to move as a whole and tubing, 
one end of which is free. 

Occasionally it is necessary to weld members which are 
externally restrained, such as two plates, both of which are 
rigidly affixed to some other part of a larger structure, of 
tie rods in aircraft fuselages and the like. The problem 
here is essentially different from that previously discussed 
in that, due to the linear expansion at right angles to the 
weld on heating, tensile forces are set up across the weld 
when the material contracts from the welding temperature, 
In this instance the temperature gradient in the lower tem. 
perature ranges plays a major role. After the weld is com. 
pletely solidified no tensile forces of consequence are pro- 
duced until all of the material is at a temperature below 
approximately 500 deg. C, as any material in this range will 
promptly undergo plastic deformation and relieve tensile 
forces. Thus, the magnitude of the internal stresses pro- 
duced under these conditions will be an inverse function of 
the amount of material in the so-called stress-relieving range 
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Fig. 3.—Speed of Welding in ¥/2-in, Test Plate, 


as the material cools. Once again the matter of tempera- 
ture gradient is involved, in that the steeper the gradient the 
less material available for platsic deformation and stress 
relief in the later portion of the cooling cycle. It will be 
seen then that the problem differs materially from that of 
the larger, externally-unrestrained structure in which i 
ternal stresses are produced parallel to and not across the 
weld. 


Internal Stresses Parallel to Applied 
Stresses 


That innumerable welded structures containing internal 
stresses of a relatively high order of magnitude have given 
excellent service over many years is well known to all, This 
raises the question as to why internal stresses presumably 
have been harmful in a very small percentage of welded 
structures. It is probable that the answer to this question 
involves the mechanism by which internal stresses promote 
failure and the natural means of their relief or elimination. 

In the opinion of many, internal stresses which are paral- 
lel to the direction of applied stresses are of no moment 
in the usual, ductile structural steels. The applied stress 
added to the internal stress result in a local strain exceeding 
that of the yield strength. The material, boiler plate or the 
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like, yields accordingly, this strain being accomplished 
without increase of stress. The net result is material which 
has been locally cold worked to such a small degree as to 
be negligible, the internal stress being largely eliminated in 
the operation. 

For example, a load of 25,000 Ibs. per sq. in., is applied 
to a bar, the center of which for one reason or another is 
in internal tension amounting to 20,000 Ibs. per sq. in. 
The yield strength of the bar is assumed to be 30,000 Ibs. 
per sq. in. The cumulative effect of the internal stress and 
applied load does not result in a stress equal to their sum— 
45,000 lbs. per sq. in.—but in the yield strength stress, 
30,000 Ibs. per sq. in., the other 15,000 Ibs. per sq. in. be- 
ing al sorbed in a strain of about 0.0005 in. per inch, which 
occurs as permanent plastic deformation. On removal of 
the external load the stress drops 25,000 Ibs. per sq. in. 
from the 30,000 Ibs. per sq. in. level, leaving an internal 
stress of 5,000 Ibs. per sq. in. It is realized that the above 
is a somewhat simplified version of the actual quantitative 


state of affairs, which neglects the reaction of the counter- 
balancing compressive stresses in the outer portion of the 
bar, but we choose to neglect this in the interest of clarity. 

It will be apparent from the above that the internal stress 
parallc! to the applied stress does not tend to cause failure 
of the :naterial once the weld has been completed, and to all 
intents and purposes may be considered as inconsequential. 


Internal Stresses at Right Angles 
to Anplied Stresses 


A different state of affairs exists, however, if the 
interna! stresses are at right angles to the applied stress. 
Consiccr a cube to which tension is applied on all six faces. 
(See Fizs. 5 and 6.) Obviously, except for a minute elas- 
tic volume change which can be neglected for purposes of 
this argument, there can be no deformation. The yield 
strength is the equivalent of the ultimate strength, and brit- 
tle failure results. Under elastic conditions any applied 
stress has components at right angles equivalent to this ap- 


plied stress multiplied by Poisson’s ratio, which is about 
0.3. If we take this value as one-third for purposes of 
easy discussion, it will be apparent that, in the case of the 
above referred to cube, similar prevention of plastic de- 
formation occurs when two of the stresses are only one- 
third of the major stress, and as the value of these stresses 
Varies above and below this amount, complex conditions 
arise whereby plastic deformation may be restrained without 
being completely prevented. It is important to realize that 
material in which plastic deformation is restrained is es- 
sentially and by definition brittle material and that by the 
above mechanism the softest iron may exhibit brittle failure. 

With the above in mind the question of the welded struc- 
ture may again be examined. Obviously, if the external 
stresses produced in this structure are at right angles to the 
applied stress and of sufficient magnitude, plastic deforma- 
tion in the material is prevented and the material of the 
structure takes on the characteristics of brittle material. If 
+ ag stresses at right angles to applied stress are of 
va se . of magnitude, the same phenomenon results 
ie mgite. It should be noted that three-dimen- 

stfesses are involved—not simply two dimensional. 


Internal Stress at Ri 
ight 
to Plane of the Plate. “ihe 


The productio i 
n of | . 
Sinn i internal stresses parallel to the weld 


described. but no attempt has been made to ac- 
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Fig. 4.—Time-Tem perature Curve as Welding Point Ap- 

proaches and Passes a Thermocouple Weld at Position 2, 


about 0.2 in. from Scarf of W eld. 


count for internal stress at right angles to the plane of the 
plate. In fact the author knows of no wholly satisfactory 
explanation of the presence of this third dimensional 
stress. However, reasoning by analogy from the following 
experimental facts may afford some insight into this prob- 
lem. If a hollow cylinder is subjected to axial tension, the 
diameter of this cylinder is reduced slightly up to the yield 
point, and then major reduction in diameter takes place 
as plastic deformation proceeds. If, however, the inside 
of the hollow cylinder is filled with a non-compressible 
material, the axial tension fails to produce any reduction 
in diameter of the cylinder as a whole. The non-com- 
pressible core reacts against the compressive forces to pre- 
vent motion, and the forces tending to produce motion as 
well as those tending to prevent motion may be considered 
as internal stress with reference to the structure as a whole. 
Thus, the restraint of motion at right angles to the applied 
force has resulted in internal stresses. This shou!d be 
borne in mind in connection with the following argument. 

If we now consider a thick plate in which internal stresses 
parallel to the surface of the plate are non-uniform, we can 
readily imagine any zone in the plate with low internal 
stress restraining motion of the adjacent zone carrying high 
interna! stress, and by analogy with the aforementioned 
case of the cylinder this then becomes in effect the third 
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Fig. 5. Three-Dimensional Tension Stress Inhibits Plastic 


Deformation. 
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Fig. 6.—Three-Dimensional Tension Stress Inhibits Plastic 
De formation. 


dimensional stress at right angles to the plane of the plate. 
Again, the thinner the plate the less the chance for these 
internal stress gradients and the less restraint offered. In, 
fact, at the surface there is no third dimensional restraint, 
and internal stresses at right angles to the surface can not 
exist. Thus, any difficulties due to the internal stresses 
should be very definitely minimized as the thickness of the 
material in question is reduced, and this conclusion is well 
substantiated by experience. 


Effect of Thickness 


The thickness of the welded material affects internal 
stresses in still another manner as these internal stresses may 
be effectively relieved by elastic deformation of the struc- 
ture as a whole; for example, the buckling of a plate re- 
lieves internal stress. This brings us to the concept of 
flexural rigidity. It is obvious that a cylindrical tank 10 ft. 
in diameter with 1/4-in. wall thickness has lower flexural 
rigidity and can deform elastically with consequent relief of 
internal stress to a very appreciable degree, whereas a 
“tank” 2 in. in diameter with 1/4-in. wall thickness has high 
flexural rigidity and can distort elastically only to a very 
limited extent with practically no relief of internal stress. 
Similarly, a 2-in. diameter “tank” made of 20-gage material 
can deform elastically quite readily, whereas a 10-ft. tank 
with 4-in. wall thickness can not. Thus, while we fre- 
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quently think of internal stresses in terms of the thickness 
of the material to be welded, it is generally necessary to 
modify our ideas and take the structure as a whole into 
consideration. Other things being equal, however, flex. 
ural rigidity will be greater the thicker the material in the 
structure, and the net result of this is again borne out by 
experience to the effect that thin-walled structures are not 
subject to dangerous internal stresses. 


Summary 


To summarize then, internal stresses are produced in un. 
restrained welded structures due to differential volume 
changes produced by temperature gradients, and the jn- 
tensity of these internal stresses is largely determined by 
the steepness of the temperature gradient involved, [p- 
ternal stresses parallel to the applied load are not to be cop. 
sidered of engineering consequence in such structures. [p- 
ternal stresses at right angles to the applied load, if of suf- 
ficient magnitude, will effectively prevent plastic deforma- 
tion. This condition, commonly known as “‘brittle,” does 
not allow the material to accommodate itself to localized 
high stresses or suddenly applied stresses, and is most seri- 
ous from an engineering standpoint. Such an internal 
stress condition is unlikely to occur in relatively thin-walled 
structures, but occurs with frequency and is a matter of seri- 
ous engineering concern in heavy-walled structures. In 
such cases, stress relieving is essential. Any attempt to de- 
limit thin-walled and thick-walled structures as used in the 
above sense must needs take into consideration not only 
the concept of flexural rigidity but also the magnitude of 
the internal stresses as a function of the therma! gradient 
which produces them, and this is a characterisi:c of the 
type of welding employed. The more intensely localized 
the welding heat the greater is the thermal gra Jient and 
the thinner the wall thickness, which would require stress 
relieving for conservative engineering practice. In the 
opinion of many, oxy-acetylene welded structures with free 
welds greater than 1 ft. in length and with plate thicker 
than 5@ in. should be stress relieved, and structures welded 
with coated electrodes with free welds longer than 1 ft. and 
plate thickness greater than 5/16 in. should be stress re- 
lieved. This applies to structures in which there is no ex- 
ternal restraint during the welding operation. 

Stress relieving may be considered broadly as any means 
whereby the internal stresses are markedly reduced or elim- 
inated. The commonly accepted method is to anneal the 
completed structure at approximately 1150 deg. F. An- 
other method, which experience proves to be satisfactory 
when properly carried out, comprises peening of the weld. 
This produces a decrease in cross-section and increases the 
length and breadth of the member in question, thus ¢f- 
fectively overcoming similar changes in the opposite sense, 
which occur in the welding operation. To generalize still 
further, any welded structure in which hardening of the 
base material occurs as a result of the welding operation 
should be stress relieved after welding, not only to elim: 
inate the stresses but also to restore the material to 4 more 
ductile condition by the simultaneous tempering involved. 

It is apparent that the problem of the nature and mechan- 
ism of production of internal stresses is not simple, that the 
effects of such internal stresses may or may not be serious, 
that such stresses may be readily eliminated, and that ¢x- 
perience is sufficient so that the skilled welding engineet 
may judge if their elimination is economically warranted in 
iny given case. 
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DIRECT ELECTRIC 


Resistance Heating of Steel 


by Fred P. Peters 


Assistant Editor METALS AND AILoys. 


tions like forging and upsetting is entirely a prepara- 


\ 1'HOUGH HEATING STEEL for forming opera- 
ry function and not an end in itself, as is heating for 


anne ¢, normalizing, hardening, etc., the method of heat- 
ing i ital factor in the performance and economy of the 
whole operation and the quality of the finished part. The 
imporiince of the question impresses itself not only on 
the exccutive who may grow restive under high fuel or 
furnac costs, excessive scrap losses or customer's complaints 
about «uality, but also on the hammerman that sees his dies 
wearin: out too rapidly or not filling properly, and the 
furnace man that has to watch his stock “burn” because of 
overheaiing during hammer hold-ups. The heating of rela- 
tively small stock, from 14 to 4 in. diameter, and of uni- 
form cross-section along the heated length is of most 
widespread interest, for it is from such stock that the large 
majority of production forgings are made. The question 
of method of heating also looms largest with the lower sizes 


of stock, as several methods are technically feasible for 
small stock and more than one in commercial use. With 
the heavier stock the operator's choice is definitely limited. 


Practical Considerations of the 
Forging Operation 


The selection of a method of heating small stock is in- 
fluenced by several practical factors. Among the most im- 
portant of these are temperature effects. The steel must 
be heated well above the critical range, so that it is in the 
austenitic condition and sufficiently plastic during working 
to fill the dies and assume the desired shape under the press 
orhammer. The precise temperature control required, for 
example, in heating high speed steel before quenching, is 
not necessary in heating forging stock, and, for the medium 
catbon unalloyed steel usually used, any temperature be- 
tween 2000 and 2250 deg. F. is satisfactory. Forging is 
usually performed between 2250 and 1650 deg. F. 

Although considerable latitude concerning temperature 
“xists, there are definite limits. Temperatures above 2400 
deg. F., for however short a time, should be avoided or 

burning” (softening of the grain boundaries) will result 
and cause the steel to shatter under the hammer and ulti- 
mately to be Scrapped. If “burnt” steel survives the forg- 
88 Operation it is brittle when cold and may fail in service. 
Holding the steel at temperatures less than 2400 deg. F. 
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for too long a tme induces pronounced grain growth and 
a consequently weak material. Grain growth, unlike 
“burning,” is corrected to some extent by the grain-refining 
effect of the forging operation itself and may be further 
corrected by subsequent heat treatment. In general, the 
maximum safe temperature is lowered as the carbon con- 
tent increases.’ 

If the forging temperature of the steel is too low, or as 
occasionally happens, if the stock is hot enough outside 
but has a cold, hard core, internal strains or cracks and 
erratic filling of the dies will result. The hammerman 
also wants his stock to come to him at approximately the 
same temperature each time so that successive forgings will 
fill the dies in a uniform fashion. 

The rate of heating is of great importance if the heat 1s 
applied externally as in the conventional furnace, for the 
rate at which the heat is transmitted within the stock is 
fixed by its conductivity and diffusivity. Too rapid heat 
ing from the outside causes differential thermal expansion 
and therefore severe dimensional changes as the steel passes 
through the critical range, and causes it to crack or ‘‘clink. 

With small stock, the metal lost through scaling is of 
negligible importance but excessive scaling greatly reduces 
die life and results in a poor surface if an adherent scale is 
forged into the part. For these reasons scaling is an im 
portant factor. Slow heating tends towards excessive scal- 
ing if the stock is heated in air or in the products of com- 
plete combustion. 


ideal Requirements of 
Forge-Heating Equipment 


From these practical considerations, the requirements of 
ideal equipment for heating steel for forging may be out- 
lined. 

First, for the most economical production, the stock 
should be fed to the hammer or press as fast as the Jatter 
can take it, as idle forging equipment usually represents a 
tremendous loss in overhead charges. Most heating equip- 
ment is therefore designed to err on the hot side, possesses 
excess thermal capacity and accordingly responds slowly to 
shutting-off when danger of overheating is imminent. 

In practical opposition to this is the desirability of having 
heating equipment that cannot overheat the metal, particu- 
larly during hammer hold-ups. The serious impairment of 
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Fig, 1—Butt Welder that Can Be Adapted to Resistance 
Heating of Steel for Forging. (Courtesy Thomson-Gibb 
Electric Co., Lynn, Mass.) 


quality resulting from “burning’’ or overheating has already 
been discussed. 

The method of heating should be such as to avoid the 
differential thermal expansion and consequent clinking as- 
sociated with too rapid application of heat from the outside. 

Stock should be delivered to the hammerman with suc- 
cessive pieces at approximately the same temperature. Also 
the distribution of heat should be uniform throughout the 
cross-section of each piece, a condition that must usually be 
achieved by ‘‘soaking’’ at temperature for sufficient time. 

The method of heating should result in a minimum of 
scaling, to avoid excessive die wear and poor surface. 

The cost of the heating process, including amortized cost 
of the equipment itself, cost of the heating energy and Jabor 
charges should be satisfactory. 


Available Heating Methods 


There are 5 generally available methods of heating small 
stock for forging: gas-fired furnaces, oil-fired furnaces, 
electric furnaces, induction heating and direct resistance 
heating. The first 3 may be classed together as sndirect 
heating methods, for in them the heat is transmitted to the 
stock by radiation from the source; the last 2 can be 
grouped together as direct heating processes, for the heat 
in both cases is developed in the stock by the passage of 
electric current through it. 

By far the majority of production forgings are heated 


Fig. 2.—Samples of Products of the Combination Electric 
Heating and Forging Machine. (Courtesy National 
Machinery Co., Tiffin, Ohio.) 
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by indirect methods, chiefly gas or oil-fired furnaces. More 
general use of the electric furnace has been limited by the 
relatively short life and therefore high cost of the resistors 
available in the past. For most operating programs the 
gas and oil-fired furnaces are entirely satisfactory, particu. 
larly where furnace and hammer have been well syn- 
chronized and workers are careful to control the tempera- 
ture, time and rate of heating to avoid the difficulties preyi- 
ously described. Not always, however, is close operating 
control achieved, and in such cases gas or oil-fired furnaces 
depart considerably from the ideal heating method. Thus. 
although indirect methods invariably succeed in keeping 
ahead of the forging equipment, they do offer the possi- 
bility of over-heating or ‘‘burning”’ the metal in the process, 
as the customary excess thermal capacity prevents rapid 
reduction of temperature during hammer delays. And not 
infrequently the stock suffers when the too rapid rate of 
heating piles the heat at the surface of the stock and causes 
“clinking’’, or, if the stock be removed to the forge too 
quickly, results in a satisfactorily plastic surface but a cold, 
hard core. If the rate of heating be reduced, the likelihood 
of excessive scaling becomes a problem. The question of 
economy varies from job to job; in many cases, particularly 
as the size of stock increases, the indirect methods can show 
an operating cost advantage. 

The major problem in the use of the conventional forg- 
ing furnace involves balancing these opposing factors. As 
Jominy? has pointed out, “quite commonly sufficient room is 
not available in the forge shop for furnaces of such size 
that slow heating to a proper forging temperat iS pos- 


sible. The result is undersized, overheated furnaces in 
which the steel cannot be permitted to reach the furnace 
temperature if burning is to be avoided. Such furnaces are 
usually the slot type in which the back of the ‘urnace is 
much hotter than the front. Using this type of furnace we 


are entirely dependent upon the man in charge o! heating 


the steel for safe forgings.” Direct methods of heating are 
considerably more fool-proof. 
The use of high-frequency induction for the heating of 


steel for forging has recently been described.* ‘This meth- 
od shares with the direct resistance method the «advantages 
of quick heating developed within the stock itself (although 
with induction heating the surface is initially hotter than 
the center), minimum of scaling and certainty of control, 
and is superior to the latter in that contact difficulties are 
absent. Although the cost of the generating equipment 
is prohibitive for many jobs, the use of induction heating 
for this purpose will probably be extended as time goes on. 

The apparent advantages inherent in the use of the fifth 
(direct resistance) method of heating are so great that the 
following extended examination of its present applications, 
the types of equipment available and user's experience with 
the method appears warranted. 


Direct Resistance Heating 


In the direct electric resistance method of heating steel, 
an electric current at relatively low voltage is passed through 
the metal, which becomes itself a “‘resistor’’ and assume 
some temperature depending, for a material of given com 
position, cross-section and length, on the electrical energy 
applied. The mathematical relations between the many 
factors that determine the final temperature of a piece of 
resistance-heated steel, the time required to reach it and o 
power consumed in the process have been given by Kail. 


METALS AND ALLOYS 



















































For a given material at constant voltage, the temperature is 
higher the lower the electrical resistance and the smaller 
the radiating surface of the heated piece. The resistance, 
in turn, decreases with increasing cross-sectional area and 
decreasing length. The time required and power consump- 
tion for reaching a given temperature at given voltage in- 
crease with the heat content of the piece at the temperature, 
or in other words with its specific heat and mass, and in- 
crease in proportion to the energy lost through thermal 
radiation, convection and conduction. 

Because resistance heating is “heating from within’ the 
piece, the center of a heated bar is hotter than its surface, 
which is losing heat to the surroundings by radiation and 


convection, and than its ends, which are losing heat by con- 
di.tion through the grips or electrical contacts. For prac 


tical purposes, however, the cross-section gradient is neg- 
ligible, and during the heating-up period the temperature 
serreas s simultaneously and uniformly throughout the sec- 
tion: dimensional changes, and therefore cracking or ‘‘clink- 
ing,” caused by differential thermal expansion are absent. 
From the “quality” standpoint this is an important ad- 
vanta 2 possessed by the direct resistance method over other 
heating methods, where heat is applied to the piece in- 


directly from the outside. 

The internal generation of heat also avoids the serious 
dange obtaining a sufficiently hot surface, but a cold, 
hard as the center is always at least as hot as the out- 

} side. importance of this is obvious in view of the 
; usual | e of estimating temperature by observation of 
e the sw of the stock. 
, Again. because of the direct generation of heat within 
n the sto eating is much more rapid than that obtained by 
C the ind methods. Because of the cross-sectional ther- 
€ mal uniformity just mentioned, this high rate of heating 
S may be {.!ly utilized to supply material to the hammer or 
e press more rapidly than might be possible otherwise. It is 
£ necessary 0 point out here, however, that although a single 
re bar is heated more rapidly by the resistance than by conven- 
tional furnace methods, the latter may consume less time in 
at the aggreyate because of their greater capacity, as many bars 
h- may be heated in a furnace simultaneously, if necessary, to 
: meet a particular forging schedule. When furnace con- 
y 


? trol and synchronization with the hammer are perfect, the 


an fesistance method would probably offer little, if any, direct 
i, time advantage; in all cases, however, it does provide rapid 
re heating without the slightest danger of quality impairment. 
nt 


| An unquestioned advantage inherent in the short heat- 
ng ing-up time is the relatively small amount of scale pro- 


duced. As previously noted, heavy scaling shortens die life 
th and may detract from the surface quality of the forged part. 
he With small stock. scaling during resistance heating is neg- 
-” ligible and, because of the usually greater importance of 
” surface quality in the smaller sizes (14-1 in.) resistance 

heating is frequently selected solely because of the reduced 

scaling factor. Although with heavier sizes surface qual- 

ty May not be paramount, the metal loss through scaling 
= comes a consideration, and here, too, resistance heating 

h we offer some saving. 

oo, and overheating (grain growth) may be com- 
ae oa ae ee: because of the close, individual control of 
wa Pri ashe ar that is possible. The majority of re- 
any dakiod a inc m8 photocell control, so that current is 
of perature . Thus wh pacce reaches a predetermined tem- 
ee as Fre erred bot ant 
ill! perature from piece to piece is guaranteed. 
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Heate 
Operation at an Automotive Plant. (Courtesy Chevrolet Motors 
Corporation, Bay City, Mich.) 


Fig. 3—-ACF Manual-Feed Berwick Electric Forging 


&d 


Where photocell control is not provided, the voltage can be 
set to avoid burning, but grain-growth may occur through 
holding at temperature for too long a time if the operation 
is not watched. 

In some cases direct resistance heating has definite disad- 
vantages as compared to conventional furnace methods. To 
date the maximum size of stock capable of being heated in 
this fashion is 21/, in. diameter; furthermore the length to 
be heated must be of uniform cross-section throughout if 
temperature uniformity along the length is desired, for the 
resistance of the piece and therefore its temperature at any 
point are a function of its thickness. Also, the heat loss by 
conduction through the grips or contacts at the ends of the 
heated length may be sufficient to prevent the ends from 
reaching the temperature of the rest of the bar. Some 
trouble with pitting at the contacts has also been reported, 
although this objection does not seem to be generally seri- 
ous. 


General Applications 


Before discussing equipment available for resistance heat- 
ing of forgings, upsets, etc., some mention of other metal- 
lurgical applications of this method should be made. 
Trautman’® describes the heat treatment of spring wire by an 
electric resistance method, in which wire is fed from reels 
through tension rolls, with individually controlled contact 
members. Wire temperature is controlled automatically 
by photocell, in conjunction with voltage regulators, giving 
temperature fluctuation no greater than 5 deg. F. Among 
the advantages cited are greater uniformity through the 
cross-section, absence of decarburization and scaling, high 
thermal efficiency (95 per cent), ease of control, and the 
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Fig. 4.—Operating Dta- 
gram of ACF Fully-Auto- 
matic Berwick Electric a 

Forging Heater. 
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fact that the wire is quenched on a rising rather than a fall- 
ing temperature, 

The Snead process* was an early attempt to apply the di- 
rect resistance method to the heat treatment of steel. In 
this process long bars of uniform cross section were gripped 
at the ends by large clamps, through which the current was 
passed ; the extension of the stock due to thermal expansion 
actuated relays which indicated and controlled the tempera- 
ture of the steel. Because the stock failed to reach the 
proper temperature in the neighborhood of the heavy 
clamps, the distance between the latter was usually made 
greater than the length required to be heated. 

Wylie’ has recently given a detailed description of some- 
what similar apparatus and practice for the direct resistance 
heating of long aircraft members for hardening or temper- 
ing. The process is called the “Tension Electric Process” 
and is stated to be employed with great success by Arm- 
strong Whitworth Aircraft, Ltd., of England. Air hard- 
ening steel bars up to 30 ft. long and 1 sq. in. cross-sec- 
tional area are end-held by metal grips, and without other 
support are heated rapidly to a uniform temperature, held 
there for a few seconds, and then allowed to cool in air. 
The appreciable changes in length that occur with such 
long members are accommodated by making one of the 
grips movable; tension is then applied to it during the 
treatment. Current is fed to the bar through the fixed grip 
and the movable carriage at the opposite end, and tempera- 
tures are measured with an optical pyrometer. The process 
is “absolutely guaranteed to give uniformly correct tem- 
peratures’; it is assumed the sponsor qualifies this in prac- 
tice to allow for variation in thickness along the bar, for 
with such long stock, absolute uniformity of cross-section 
must be something less than fact. Also, because of heat 
loss by conduction, the correct hardness is admittedly not 
attained in the neighborhood of the grips. Although no 
cost figures are given, the installation and operating econ- 
omy of the Tension Electric Process are claimed to be ex- 
cellent for the output obtained. The process is of consid- 
erable interest because of the very great length of stock 
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handled, but, also for the same reason, its possible econo 
is difficult to perceive. 

The hardening of high speed steel hack saw blades by 
direct resistance heating has been described by Trickett 
The blades are held in tension with heavy contact-clamps 
current is passed, and, as in the Snead process, the thermal 
expansion of the steel acts as a temperature indicator, The 
blade is hardened by air cooling; in this case the failure 
of the steel to reach hardening temperature around the 
clamps is a real advantage, for the ends of the blade thus 
remain soft, and subsequent annealing of them is obviated 
This feature also permits the use of larger clamps than can 
ordinarily be used in resistance heating. 

The adaptation of welding equipment to the heating of 
steel for annealing or upsetting is an interesting application 
of direct resistance heating. For example, the design of 
simple fixture, which when fitted to a 10 kva. spot welder 
permits use of the latter for annealing a restricted area of 
an automotive stamping prior to forming has been given in 
a recent note in Stee/.° The shanks are attached to the up- 
per and lower arms of the welder and current is directed 
as desired by adjusting an arrangement of contacts and in- 
sulating blocks. The Thomson-Gibb Electric Welding Co, 
also reports the use of butt welders for upset wel ling the 
collar midway along the length of a valve stem,’ and fot 
upsetting integral collars in the middle or on the end of 
valve stems.‘ In the former, two pieces of stoc! slightly 
larger than finished size are simply placed in the electrodes 
and forced together until the joint bulges enough to pro- 
duce a lump from which the collar can be machined. The 
equipment is also applied to the more common process of 
producing upsets from single lengths of stock b; the use 
of clamps or blocks at the electrodes. The heads «f poppet 
valves can be built up on valve stems by usin: a solid 
block instead of one of the electrode clamps, and ‘he work 
can be done in a machine that automatically feeds ‘he stock 
and cuts off and ejects enough material for each vilve. In 
one automobile plant a batch of several thousand forgings 
(a yoke-shaped clutch release) apparently spoile:' because 
a forging die had not been properly designed was salvaged 
by clamping the forgings in a butt welder, heating to 1500 
deg. and bending to the exact angle required. The equip- 
ment used for this is illustrated in Fig. 1. 

The combination heater and forging machine manufac- 
tured by the National Machinery Co. finds particular ap- 
plication for the continuous, automatic hot-heading of 
bolts.!? The wire is fed directly from a coil, the blank is cut 
off and, during transfer from the cut-off stage to the head- 
ing stage in a revolving drum, is heated by a 3-stage clec- 
tric resistance heater, then headed and ejected. This ma- 
chine is particularly useful for the production of parts 
with scale-free shanks from material that cannot be suc- 
cessfully cold-headed; typical products of this equipment 
are shown in Fig. 2. Because of the close temperature con- 
trol possible, this combination heating and forging machine 
is also being used for handling parts forged from brass 
stock. 


my 


The Berwick Rivet Heaters 


Probably the pioneer in the field of electric resistance 
heating was the Berwick Electric Rivet Heater, introduced 
by the American Car and Foundry Co. in 1913. The first 
heaters’ consisted of a transformer with a low-voltage, 
high-current single turn secondary winding placed directly 


METALS AND ALLOYS 











over the primary. The rivet was inserted in the secondary 
circuit and held in place by spring pressure on the elec- 
trodes. The rivet heaters have since been steadily im- 
proved, chiefly in their electrical design, and have found a 
wide market because of the rapid, clean and “comfortable” 
roduction obtained with them. 

With the rivet heaters the cost of operating power is a 
large proportion of the unit cost for the equipment and 
hence must be considered if selection of heating method is 
to be based on economy alone. Where electric rates are 
low the electric rivet heaters can show a much lower op- 
erating cost than heating by gas or oil; with high power 
rates, however, or where the demand schedule is unfavor- 
able, their operating economy may not be so marked. The 
American Car & Foundry Co. in its Buffalo plant reported 
a heating cost of $0.1614 per 100 Ibs. of rivets. In an- 
other car plant (not afhliated with the heater manufactur- 
er), a comparison between oil heating and resistance heat- 
ing showed a heating cost per 100 Ibs. of rivets of $0.454 
with oi! and $0.104 with resistance heating. In the former 
case current cost was $0.0086 per kw.-hr., in the second 
$0.0055 per kw.-hr. The latter figure is about the lowest 
power cost one can expect in this country and in some 


plants cost of electricity may be three or four times this 
minin A very rough estimate of the heating cost for 
a give b may be made, however, as 100 Ibs. of rivets 
requir to 20 kw.-hr. for satisfactory heating, depending 
on the oth and diameter of the rivets. Impartial oper- 
ating tess on the rivet heaters have shown that their power 
consun in is frequently as low as 33% of the theoretical 
values n by the American Car and Foundry Co. in their 
literatu 


Berwick Forging Heaters 


The ficld of application of the early Berwick heaters was 
extended to cover other metallurgical uses than rivet heat- 
ing, so that now several types of large and small resistance 
heaters are available for heating, for forging and upsetting, 
stock from 1/4 to 21/4 in. thick and up to 6 ft. long. Some 
particular applications of and users’ experiences with the 
Berwick electric metal heaters will be described later. 

The operation of the Berwick heater is quite simple. The 
larger heaters for handling heavy stock are manually fed; 
small heaters with mechanical feed and fully automatic op- 
eration are available for light stock. All heaters are 
equipped with photoelectric controllers over the electrodes 
that may be set to cut off the current when the desired tem- 
perature is reached, and which therefore prevent over or 
under-heating of the stock. 

With the manually-fed heaters the stock is inserted in the 
clectrodes ; a push-button closes the electrodes on the cold 
piece; current passes until the desired temperature is 
reached, when the photocell and controller Operate to open 
the electrode jaws. The operator then removes the heated 
stock, and inserts the next cold bar and pushes the button 
‘0 renew the cycle. All electrodes have movable blocks 
with contact points for length adjustment; a cam-shaft con- 
—— opening of the electrodes, and, with a given heater, 
éjustment is necessary for different diameters. Fig. 3 
mows a manual-feed Berwick heater in operation at Chev- 
rolet’s Bay City plant. 

Te pmen of ns fully automatic heaters, capable of 

“ee & stock from V4 to LY, in. in diameter and up to 2 

&, 1s illustrated in Fig. 4. Stock is placed in the 
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Fig. 5.—Front View of latest Model ACF Fully-Automatic 
Berwick Electric Forging Heater. 


hopper A, where it settles into the vertical spout; the pieces 
are agitated by cams on the revolving shaft to avoid clog- 
ging. As the electrodes open, the material pusher B moves 
and pushes the lowest bar in the column over the ledge on 
to the rest C which has moved to the left with B. The 
electrodes D (the right electrode is movable) then close 
and with a simultaneous motion B and C return to their 
original positions. When the piece reaches the proper 
temperature the electric eye and controller cut off the cur- 
rent from the transformer T, open the electrodes and the 
piece drops down to the inclined roller chute, G, which de- 
posits it, cold end up, into a receiving cup placed near the 
forging or upsetting machine. As the electrodes open, the 
pusher B pushes the next piece over the ledge and the cycle 
is repeated. The heaters are provided with a “kicker’’ to 
eject the heated piece in the event of fusing or sticking to 
the electrodes. In the earlier heaters this kicker was 
solenoid-actuated, but the present mechanical kicker has 
been found much more satisfactory. Also, in the latest 
models (See Fig. 5) the electrode jaws are water-cooled 
to reduce deterioration of the contacts, and the lead-wires 
to the photocell are carried in four conduits, rather than 
one, to eliminate the effect of surges in one circuit on the 
sensitive relays in the others. 

The manual-feed heaters are furnished with one, two or 
three electrodes, and the automatic with eithcr one or two, 
with an equal number of photocells and controllers in any 
case. Wedder and Evans'* have given a good description 
of the electrical circuits and particularly of the photo- 
electric equipment and its operation. Limit switches are 
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Fig. 6.—Drag Link Forging Produced by Saginaw Steer- 

ing Gear Division of General Motors Corp., Saginaw, 

Mich. Stock is heated in Berwick Heater and forged in 

National Machinery Co. equipment. (Courtes) National 
Machinery Co., Tiffin, Ohio.) 


used to actuate the main contactor and prevent power going 
to the transformer until the grips are perfect; the im- 
portance of this in reducing surface pitting of the stock at 
the contacts is evident. According to them only by the use 
of the photocell can current shut-off at the transformer 
primary be made simultaneously with attainment of correct 
temperature. Without such close control resistance heating 
could not be practical, from the metallurgical viewpoint. 
Methods based on the thermal expansion of the stock or on 
the use of bimetallic thermo-elements are not sufficiently 
sensitive. 


Users’ Experiences with 
Resistance Heaters 

The advantages claimed for the Berwick heater by its 
sponsors are about the same as those mentioned earlier in 
this article as characteristic of the general process of re- 
sistance heating. The actual existence of most of these 
is undeniable, but adoption of this method in any case de- 
pends on the extent to which these obvious advantages are 
counterbalanced by other factors. Inasmuch as the most 
accurate appraisal of the merits of any product or process 
lies in users’ experience therewith, a few typical applications 
of the Berwick heater will be described. 


At a Chicago Plant 

One of the earliest installations of the two-electrode fully 
automatic heaters, at a Chicago plant, was used for heating 
the end of bolt stock before bending it into a simple right- 
angle head. This heater (ACF No. 3) handles stock be- 
tween 14 and 1 in. thick, and at the plant in question 
several sizes within this range are heated; some inter- 
esting observations on the relation of size of stock to the 
usefulness of a particular heater resulted. The first in- 
stallation was recently replaced with 2 single-electrode fully 
automatic heaters, and the author had an opportunity to ob- 
serve one of these in action at the plant: 

An 0.20 per cent C stock, of Y in. diam. was heated to 1800 
deg. F. along 3 in. at one end (the minimum length of end heat 
possible. with this type of heater is 14% in.), discharged auto- 
matically into a container and the right-angle end-bend made 
immediately in a small machine. The stock, before being placed 
in the hopper, was pickled and degreased in an alkaline cleaner, 
and, after the forging operation, was lightly pickled. Actual tim- 
ing of the heating cycle showed that the total cycle required 11 sec. 
(production was 5.5 pieces per min.) and each piece was at tem- 
perature about 7 sec. Scaling was very slight and pitting at the 
contacts was not evident, probably because of the previously clean 
surface of the stock. 

Queried as to the merits of the equipment, the superin- 
tendent replied that he liked it chiefly because of its con- 
venience and fool-proof nature, although he questioned 


its economy. The unit can be started up cold without 
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having to wait several hours before stock can be charged 
is very comfortable for the operators, and, owing to pre 
automatic nature, probably saves something on labor. The 
total production on this job, however, and particularly with 
this size stock, is less than with batch type oil-fired forging 
furnaces. This was apparent from watching the operation 
a good workman could handle this simple forging oper- 
ation faster than stock was supplied to him by the heater. 
On lighter stock than this, heating is of course more rapid, 
and in such cases the superintendent believes the Berwick 
heater has a time advantage over conventional furnaces. Ip 
short, this company’s experience is that the convenience. 
cleanliness and attendant quality of the Berwick heater 
make it an attractive proposition where rigorous economy js 
unnecessary. 


At a Massachusetts Plant 


The use of the manually operated heaters, handling much 
heavier stock, is well illustrated by the installation at the 
Massachusetts plant of a large manufacturer of textile ma- 
chinery. This company has used the resistance method of 
heating bar stock before forging into loom crankshafts for 
over 6 yrs., and at present has three manually operated 3- 
electrode heaters. The stock is forged in various thick- 


/ 


nesses between 11/ and 21% in.; the latter size represents 
the largest diameter for which the Berwick heaters are in 
commercial application anywhere. The author recently vis- 
ited this plant, observed the heating and forging operation 
and discussed the method with its staff: 


The stock used is S. A. E. X-1335 (0.30-0.40 | cent C, 
1.35-1.65 Mn, 0.075-0.15 S) and is evidently standar! for such 
crankshafts in the industry. The forging temperati is 1950 
deg. F. and the forging itself is a three-stage oper.'ion using 
two machines. The 1 in. stock is heated for about 2 |:. between 
points somewhat removed from the end of the piece an! the total 
heating cycle for each piece is 4 min. There is no conscious 
“soaking” of the stock at temperature, although the operators 
stated that a heating-up time of 2 min. is sufficient ring our 
visit two heaters, or six units, were in operation; « nan ran 
the heaters, two others the forging machines. The total pro- 
duction of both heaters averaged about 6 pieces every min. of 
2 min. per piece, just fast enough to keep all three m« oving at 


a lively pace. 


At the Chicago installation previously described, using 
relatively light stock, there was a size of stock below which 
the Berwick heater was time-saving and above which it was 
not. At the Massachusetts plant, however, there is consid- 
erable excess capacity in the equipment. With all six units 
in use on 11/,-in, stock, and the heater operator feeding a 
new bar somewhere every 2 min., the heater tended to run 
ahead of the forge operators, so that not all six are actually 
required; with 2 to 21/4-in. stock all units are required and 
the heater and forge operators keep approximately in step 
with each other. 

The stock is previously ground off at the contact points 
to avoid pitting and excessive heating at the electrodes. 
Pitting would not seem to be detrimental here, for im any 
case the surface in the neighborhood of at least one of the 
contacts must be smooth-machined later. During heating 
the stock scales very little even with (for this type of heat- 
ing) the relatively long time at higher temperatures. Ex- 
cept for the aforementioned machining, there is no subse- 
quent pickle or descaling operation. 

The rated voltage of the equipment we observed was 550 
volts. At the beginning of heating, with three 1 
bars in the line, the heater drew 250 amps; with one 
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21/,-in. bar (heating time 5 min.) being heated, 105 amps. 
were consumed. Current demand of course, drops as the 

iece heats up, owing to the effect of temperature on elec- 
trical resistance. 

Operating tests on an earlier heater installation at this 
same plant have been made by the utility serving it and are 
given in the Table as an indication of the electrical per- 
formance of the equipment. The performance of Jater 
heaters has been considerably improved, so that these fig- 
ures must be considered as the worst that can be expected 
of the Berwick heater. 

Table of Summary of Test Results on an Early 3-Electrode 
Manual-Feed Berwick Heater. 


Item 1% in. bar. 134 in. bar 


Ave uction over entire run 2.1 muin./piece 3.17 
Ave! wer col sumption over en- 
joe da 2 ee eek ae eet. ee ~ oe 

Actu me to heat one rod (average) 5.47 min. 6.35 
Max tantaneous demand ~eoe 360 Bw. 175 
Max min. GOMUATIG ..c-cece nn 71.5 kw. 77.3 
Aver oad during test rum ...... 70 kw. 70 
No. 1 en WL. 25 ws o>: 6ns eases 47 12 
Total +, jars eee : 1 hr., 39 min, 38 min. 
Tota ray Gene ¢ S.. ssw vee 2 115.1 kw.-hr. 44.4 
Unit t of energy for 200 pieces 

, aes ot ee me $0.01575/kw.-hr. 
Unit f energy for 150 pieces 

Ber day sc vat bsen veges siaeeenn $0.01505.kw.-hr. 
Cost Svan ks ieee es enews $0.0386 $0.0567 
Cay eate! 250 pieces/9hrs. 150 

TI ompany had found the Berwick heater to have the 
follow ing advantages for its application: (1) The negligible 
scalit f the stock. (2) The confinement of the heat 
practi. ily to the length to be forged. The ends of the 
bar (which is about 6 ft. long) need not be heated, (3) 
Com! to the workmen—this was apparent as there were 
some fired furnaces in the room that made an inferno 
of th neighborhood, while the temperature close to the 
Berwics heaters was quite comfortable. (4) An “‘appar- 
ent” ng in fuel consumption; no comparative figures 
were lable. (5) Ease and accuracy of temperature con- 
trol, irmity of treatment and low shrinkage. (6) Im- 
media vailability of service at any time. 

The disadvantages cited were: (1) Apparent wear of 
the electrode parts, causing occasional failure of the grips 


to come together properly, and certain other mechanical 
difficulties. (2) Impossibility of using a preheated piece 
where the stock is not at the same temperature in the 
neighborhood of the contact points. (3) Uselessness of the 
Berwick heater for stock of tapering or otherwise non- 
uniform cross-section. 

For this company, the advantages far outweigh the dis- 
advantages, as it is gradually replacing its oil-fired furnaces 
for similar jobs with Berwick heaters, 


At a General Motors Plant 


| A third interesting application of the resistance heaters 
Is at the plant of the Saginaw Steering Gear Division of 
General Motors Corp., Saginaw, Mich., where they are 
used for heating 3/4-in. stock before upsetting and forming 
automotive drag links. The finished forging is shown in 
Fig. 6. This company has 3 Berwick heaters, each a manu- 
ally operated 3-electrode machine, equipped, as are all the 
heaters, with photoelectric control for each electrode. 


ies ine & % ec to remove the hot-miil scale that would other- 
aa iey a mpeapes contact and, therefore, pitting at the elec- 
Siac cats are end-heats, either 4 in. or 61, in. depending 

€ length of stock to be forged. When the end of the bar 
deg. F. the photoelectric controller opens the 
which stay open for a short time and then close 


is heated to 2100 
electrode jaws, 








OCTOBER. 1937 





again and resume heating if the bar has not been removed; this 
opening and closing continues until the operator removes the 
stock. The time required to heat the 4 in. length is 21 sec., and 
to heat the 61 in. length, 24 sec. The number of pieces produced 
per hour, however, is controlled in this case by the speed of the 
forging operation, which is slower than the maximum possible 
production rate of the heater. Thus, using only two out of three 
sets of electrodes, the operators produce 110 long ends and 140 
short ends per hour. The machine is capable of heating 50 per 
cent more work per hour if the forging operation were faster. 

The scale formed is of paper thinness and need not be 
removed in subsequent operations. This company is not 
bothered by pitting at the point of contact, and believes 
that such surface marring can be eliminated by care and 
maintenance of the electrode blocks. Extra sets of blocks 
with flat-milled contact surfaces are kept on hand and the 
contacts changed once every day. 

On the basis of a required energy input of 16.3 kw.-hr. 
per 100 Ibs. of steel heated, Saginaw estimates the heating 
cost to be $0.178 per 100 parts heated by the electric re- 
sistance method and $0.134 for the same number of parts 
heated in a gas furnace, the method formerly used. The 
cost of electricity in this case is $0.011 per kw.-hr. 

This company summarizes its experience as follows: The 
use of the Berwick heaters is not so economical, at least 
with respect to the “fuel” cost, as the use of gas or oil- 
fired furnaces. This increase in operating cost, however, 
is more than offset by the convenience, the excellent surface 
quality and the more positive temperature control available 
in the resistance heating method. 


Conclusion 

The combined experience of these and other users 
indicates that the direct electric resistance method 
of heating steel merits, on the basis of quality alone, much 
wider consideration. The present operating economy of 
the resistance heaters is questionable; for some jobs there 
is evidence that the resistance method is more econom- 
ical, while for others there appears conclusive proof that 
other methods are less costly. However, the heaters 
have been greatly improved in recent years; there is 
good reason to believe that the operating cost may be fur- 
ther reduced and that some of the annoying contact difh- 
culties still experienced may be eliminated in time. And, 
whatever its ‘present relative operating cost, the direct re- 
sistance method is unquestionably the most convenient and 
fool-proof available today. 
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THE MICROSTRUCTURES OF 


MO-MAX AND 18-4-1 


HIGH SPEED STEELS COMPARED 


by R. G. Kennedy, Jr. 


Researc/) Metallurgist, 
Cleveland Twist Drill Co., Cleveland. 


HE sET OF MICROGRAPHS accompanying this brief 

dis. ission, was originally prepared for the use of steel 

mi! metallurgists who were studying the heat treat- 
ment ot Mo-Max’’ molybdenum-tungsten high speed steel. 
It met . ith such a favorable reception that it is now thought 
that oth«rs may also be interested. It illustrates the struc- 
tures of these two standard types of high speed steels after 
a variety of heat treatments. Every effort has been made to 
keep al! .onditions which might affect the microstructures 
strictly comparable. The conclusion has been reached that 
with comparable heat treatments it is not possible to dis- 
tinguish between the structures of these two types of high 
speed steel, 


The analyses of the steels used are as follows: 


Mo-Max 18-4-1 
Carbon 0.80 0.70 
Manganese 0.16 0.34 
Silicon 0.29 0.36 
Chromium 365 3.90 
Tungsten 1.35 18.00 
Molybdenum 901 none 
Vanadium 1.23 1.04 


The specimen size was 5/16 in. diameter by 1 in. long. 
In comparing these microstructures with those of tools of 
a size greatly different from this, the possible effects due 
to the mass of the tool should be considered. 

All Specimens were hardened in a salt bath. No pre- 
heating was used. Hardening times, except when other- 
Wise noted, consisted of 30 secs. soak at the hardening tem- 
perature preceded by a period of about one to two minutes 
féquired for the specimen to reach the temperature of the 
salt bath. All specimens were quenched from the harden- 
img temperature into oil at a temperature of about 80 
deg. F. 
penperiog was done in a lead bath. Tempering times 

sisted of 30 mins. soak at the tempering temperature, 
Preceded by periods of 5 to 10 mins. required for speci- 
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mens to reach the temperature of the lead tempering bath. 
The specimens were cooled from the tempering temperature 
in still air, 

Flats were carefully ground on each specimen parallel to 
the cylindrical axis (direction of rolling) and then the 
specimens were polished. Each specimen was etched im 
mediately after polishing so that no oxide film could form. 
In this way, comparable etching times were obtained. An 
etching period of 21/, mins. in 6 per cent nital was used 
for all specimens so that any differences in the tone of the 
matrix could be attributed to actual structural differences in 
the specimens. The micrographs were printed in a manner 
to make them resemble as nearly as possible their appear- 
ance when observed through the eyepiece of the microscope. 

In the following discussion of the microstructures, it 
should be pointed out that the structures which are called 
normal represent hardening temperatures usually used for 
drills, reamers, milling cutters and similar tools, but not 
necessarily for lathe tools. Where great red-hardness is 
the principal requirement, as in lathe tools used for heavy 
roughing cuts, higher hardening temperatures than those 
producing the normal structures would be used. 


Normal Structure—Figs. 1 and 2 


Both Mo-Max and 18-4-1 show well defined austenitic 
grain boundaries, the grains in both steels being of mod- 
erate size (about 0.0006 in. in diameter on the specimen or 
1.2 in. on the micrographs). 

The martensitic needles are definitely outlined by dark 
troostite for both steels and are slightly acicular in shape, 
being slightly more needle-like in the Mo-Max than in the 
18-4-1. The higher Rockwell hardness of the Mo-Max can 
be directly attributed to the higher carkon content of its 
martensitic matrix, 

The carbides are numerous and well distributed in both 
steels. They are slightly rounded with a few slightly angu- 
lar in shape. 
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Mo-Max, Normal Structure. X 2000. Etched for 21/, mins. in Fig. 2.—High Speed, Normal Structure. X 2000. Etche. 
|. Hardened at 2220 deg. F. for 30 secs. Tempered at 1040 in 6% nital, Hardened at 2380 deg. F. for 30 secs. Te 
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o-Max, Slightly Underhardened. X 2000. Etched for 2Y, Fig. 4.—High Speed, Slightly Underhardened. X 200% hed for 2! 
¢ nital. Hardened at 2150 deg. F. for 30 secs. Tempered at mins. in 6% nital. Hardened at 2310 deg. F. for 30 . Temper 


1040 deg. F. for 30 mins. Rockwell C—65.4 at 1040 deg. F. for 30 mins. Rockwell C 
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These structures and heat treatments might be called 
average for both Mo-Max and 18-4-1 high speed steels. 


Slightly Underhardened— 
Figs. 3 and 4 


In these micrographs the structures of Mo-Max and 18- 
4-1 are identical in every detail. This type of structure is 
distinguished from the normal structure by the fact that the 
austenitic grains are somewhat smaller and the boundaries 
less distinct. The martensitic needle structure is more vermi- 
form and more richly outlined with dark troostite, and the 
carbides are somewhat more rounded in shape than are 
those in the normal structures. The cutting quality of tools 
with these structures is good and, in fact, is sometimes 
preferred where great toughness is desired. 


Considerably Underhardened— 
Figs. 5 and 6 


In these micrographs also, the Mo-Max and 18-4-1 steels 
exhibit identical details. This type of structure (Rockwell 
C hardness about 60) is distinguished by the fact that no 
austenitic grains are visible, the vermiform martensite is 
heavily outlined with troostite and there are many small 
rounded carbides visible. 


Overheated in Hardening— 
Figs. 7 and 8 


Since the hardening range for 18-4-1 is much closer to 
its melting point than is the corresponding hardening range 
for \io-Max, the 18-4-1 steel was not overheated by the 
same amount that the Mo-Max was. The hardening tem- 
peratures of 2420 deg. F. for 18-4-1 (20 secs. soak) and 
2290 deg. F. for Mo-Max (30 secs. soak) were chosen in 
order to produce badly overheated structures which would 
be roughly similar. 

The martensitic needle structure is similar for both steels, 
although more heavily outlined with troostite in the Mo- 
Max structure. 

The appearance of the carbides is the most conclusive 
proof of overheating. In the Mo-Max structure the car- 
bides have formed an eutectic network outlining the large 
austenitic grains. This condition indicates a weak and brit- 
tle structure. In the 18-4-1 structure some large angular- 
shaped carbides are still visible while the remainder of the 
carbides are starting to form the skeleton-like eutectic en- 
velopes around the large austenitic grains. 

Considerable segregation has occurred in the matrix also, 


~as~evidenced by the dark patches-visible in both micro- 


graphs. 
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Tools having such microstructures may be quite hard and 
have a high red-hardness, but they will invariably be weak 
and brittle and will chip easily on their cutting edges. 


Undertempered—Figs. 9 and 10 


Both Mo-Max and 18-4-1 show similar structures. The 
austenitic grain boundaries are quite distinct and the grains 
of moderate size. 

The chief difference between this type of structure and 
the normal structure is that here the martensitic matrix 
etches very light in color and the martensitic needles are 
barely visible. No troostite formation is present to any 
great extent. Re-tempering these structures at 1040 deg F. 
will bring the Rockwell C hardness of the 18-4-1 up about 
2 points and that of the Mo-Max up almost 4 points. 


Overtempered—Figs. 11 and 12 


Both Mo-Max and 18-4-1 show similar structures. These 
structures are characterized by white carbide particles in 
dark backgrounds. The 18-4-1 matrix is so heavily etched 
that very, little martensitic structure is visible. The Mo-Max 
matrix shows some evidence of martensitic needles very 
heavily outlined with dark troostite. These structures repre 
sent hardness values somewhat below peak values, but 
toughness values considerably greater than those of the 
normal structures. 

in general, it will be observed that variations in harden 
ing temperature have chiefly affected the austenitic grain 
size, the shape of the needles in the martensitic matrix and 
the size, number and shape of the carbide particles. Vari- 
ations in tempering, within the limits considered here, have 
affected chiefly the development of the troostite and hence, 
the color of the matrix. Overtempering also eliminates 
the austenitic grain boundaries because of the very rapid 
action of the etchant upon troostitic structures. In the above 
discussion the term troostitic has been used to describe that 
part of the microstructures in which carbon has been re- 
jected from the martensite in the tempering process to form 
a constituent which darkens rapidly during etching with 
nital. 

It should be noted that in all the structures the amount 
of visible carbide is approximately the same in both types 
of steel. This is interpreted as indicating that the 0.10% 
higher carbon content of the Mo-Max has gone into solu- 
tion in the matrix. 

The microstructures of Mo-Max and 18-4-1 are quite sim- 
ilar for corresponding heat treatments. In fact, it is prac- 
tically impossible’ for: a’metallurgist-tor distinguish between 
them on structural grounds alone. 
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Creep Characteristics 


An extended abstract, 
ALLoys, of an article in Russian published in Kachestvennaia Stal, 


specially 


4, No. 8-9, 1936, pages 8-12. 


ECAUSE OF THE GREAT 
the behavior of stainless steels at elevated temperatures, 
the determination of the properties of some of them 
under a static load and a study of their creep characteristics 
As a side 
issue of the problem, a comparison between the usual makes 
of nickel-chromium stainless steels and a chromium-man- 
ganese-tungsten steel proposed by A. M. Borzdika was ef- 


within the same temperature range were made. 


INTEREST 





OF STAINLESS STEELS 


by $. |. Wolfson and A. M. Borzdika 


prepared for METALS 


attached to 


corded in Figures 1 to 3. These curves illustrate creep 
characteristics of steels investigated in the early staves of 


loading. More detailed information on the subject is viven 
in Table II. 
The new steel D appears to have a considerably ¢ cater 


creep strength so that a load 2 to 3 times greater than for 
chromium-nickel and 3 to 4 times greater than for plain 
chromium steel is required to produce the same cree) rate 








fected. at any given temperature. The steel creeps rapidly at the 
| Table |.—Composition and Mechanical Properties at Room Temperature of Steels Investigated. 
| Composition, Per Cent Tensile Elastic Elon Red. ins 
—~ Strength, Limit, gation, Area, rs 
Stee Mn S Ni Cr W Ti Ibs./sq. in. Ibs./sq. in. % Ne 
A 0.45 0.3 0.5 12.5 : 56,900 28,450 25 74 Anne 860 
B ; 0.27 r ies 10.2 . 118,100 50,100 12.3 23.6 Ann¢ 860 
C 2 5.75 19.2 re see 124,200 28,000 45.5 57 Quen 1050 
1) +( &.< 0.36 17.0 4.4 0.28 117,390 27,400 26.5 29.5 Quen: 1100 





the 
( 








deg. 


140 hrs. 


The composition and properties at room temperature of 
steels used in this investigation are given in Table I. 
reep investigation was conducted in the range 400-600 
C. using a lever apparatus and time intervals up to 
The apparatus together with the auxiliary equip- 
ment for temperature regulation and elongation measure- 
ment were described fully in a previous paper by A. M. 
| Borzdika.* 
The data obtained in the present investigation are re- 


beginning of load application, after which the creep curve 
flattens considerably. If the loads producing a crecp rate 
of 10-6 per hr. after loading for 65 hrs. be plotted against 
temperature, as in Figure 4, the advantages of the new steel 
at higher temperatures are clearly demonstrated. 

Short time tensile test results at elevated temperatures 
for steels B, C and D are given in Figures 5 and 6. 

Though a certain scatter of results, due to differences in 
experimental conditions, could be observed, the results of 




















Steel 


Tem- 
perature, 
deg. C. 
400 
400 
500 


500 


500 
500 
500 


500 
500 
500 
HUU 
600 


Table I1.—Average Creep Rates of Steels A, C and D. 


Load, — 
Ibs./sq. in. 5-10 
28,500 130 
37,000 400 
11,400 oe 
17.000 2370 
14.200 ot 
11,400 93 
17,000 100 
24,200 38 
27,000 vane 
32,700 100 
24,200 108 
27,000 137 


Average Creep Rate in 10-* per hr. in the range of: (hrs.) 


10-20 25-35 24448 40-70 70-100 100-140 
55 20 16.6 15 16.6 13.3 
110 45 40 40 oes 
80 20 16 ee 13.3 
130 120 120 120 
me 15.0 14.5 11.1 
25 8.3 5.9 a 
85 48.3 30.6 
50 6.7 5.5 2.6 2.{ 1.4 
oe 8.3 3.5 2.0 1.6 1.6 
85 34.0 24.0 19.5 3.5 
54 33.0 23.0 26.0 ae se 
59 14.0 28.0 19.5 19.0 18.5 
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Table I11.—Creep Strength of Steel D (Cr-Mn-W) Compared with Values for Cr-Ni-W Steels Found in the Literature. ‘‘Creep 
Strength”’ in each case is the load producing a creep rate of 10° per hr. at 65 hrs. 




































































































































































































Composition, Per Cent Tem- Creep 
———— —- N — —~ perature, Strength, 
Type ( Mn Si Ni Cr WwW deg. C. Ibs./sq. in, Investigator 
WEE TOD ccc cus cdsecs pease 0.5 0.6 1.8 13 16 2.1 400 51.200 R. Mailander 
500 31.300 
60 18,500 
ee 100 r 5 shower yaecreses ei os Wt 13 16 2.5 600 19°300 Siebel & Ulrich? 
a: sel: et Oe a alee ees. ne oO 0.3 0.5 1.2 8 20 +.5 535 23.000 French et al? 
625 400 
Steel D (Cr-Mn-W) ....... 0.4 8.9 0.36 17.0 2.2 500 28,500 Authors 
25 (Fo0 deal 37000. T l T creep determinations for steels A and C obtained in this 
. ibs. fin? Est? oe EE | coh a experimental series are well within the range reported 
2 y a | ~500deg. C, 17000 /bs. /in.* abroad by many investigators. 
5 75 ba-nghncellianinae —} ——__| ____}___] — A comparison of the proposed steel with the WF 100 
% f $00 deg. ©, 4400 Ibs. /in.?, type made by Krupp, which contains 0.5 per cent C, 13 
50 eer a 
: os 7400 deg. C, 28500 Ibs./in? _| 4 
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Fig. 1. Initial Creep Curves for Steel A. 9 a 
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Fig. Initial Creep Curves for Steel C. All tests at Temperature, Deg C. 
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00, deg. C. Fig. 5. Tensile Strength of Steels B, C and D as a Fune- 
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Fig. 4. Relation Between Creep Limit and Temperature 
for Steels A, C and D. Loads plotted are those producing 
a creep rate of 10-© per hr. at 65 brs. 
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characteristics about twice as good as of 18Cr-8Ni steels, 
showed that under the same conditions creep characteristics 
of the new steel are also twice as good as those of straight 
18 and 8. The values obtained on this chromium- 
manganese-tungsten steel were close to those reported in 
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the literature on chromium-nickel-tungsten alloys, as indi- 
cated in Table III. 

The data referring to WF 100 and to 18 Cr-8 Ni tung- 
sten-bearing steels were obtained under particularly favor- 
able conditions; an accelerated method was used for the 
former and exceptionally high W content was present in 
the latter. Nevertheless, the results recorded for the new 
steel are quite comparable with them, and indicate no de- 


terioration in creep-resisting quality by replacing the Ni in 
Cr-Ni-W steels with Mn. 
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Supplementary Comment by H. W. Gillett 


What the authors call ‘‘creep tests” and “creep limit’ in 
the above have very little meaning because of the extremely 
short duration of the tests. The evidence as to load carry- 
ing ability can thus be taken as of qualitative interest only. 
Moreover the important questions of the stability of the 
alloy and its freedom from embrittlement in service are not 
considered. With such a high carbon and low titanium 


content stabilization by Ti is not to be expected. 

While the evidence of the so-called creep tests adds but 
little to that given by the short-time high temperature ten- 
sile tests, it does have some such corroborative value, to in- 
dicate that the heat resistant alloys based on Cr and Mn de- 
serve attention along with those based on Cr and Ni. 





A Few Chuckles 


Trademarks 


What could be more appropriate than having an experimental 
heat of steel marked with a guinea pig! This is an un-retouched 


pearlite area etched with alkaline sodium picrate. It is suggested 
that the animal may be about to eat something in the next clump. 
C. E. Sms. 


Abstract Metamorphosis — 
Reductio ad Absurdum? 


(1) The original in METALS AND ALLOys: 

The Cry of Tin. C. N. pA C. ANDRADE’ & BRUCE 
CHALMERS. Nature, Vol. 129, Apr. 30, 1932, pp. 650-651; 
June 4, 1932, p. 833. The “cry” of Sn... . appears to 
be an accompaniment of twinning in both polycrystalline 
and single crystalline states. The sound probably indicates 
that twinning is propagated from layer to layer with a 
velocity of the order of that of sound. Possibly the phe- 


nomenon exists in other cases, but frequency may 
high for audibility. 
(2) Semi-technical version: 
Cry of tin due to the twinning of crystals. 
(3) Non-technical version: 
Birth of crystal twins causes tin to cry when bent 
(4) Final radio version: 

The cry of a piece of metallic tin when bent has «: last 
been identified by scientists as the anguished cry of mother- 
hood. The bending motion forces the birth of twins among 
the internal crystals. Tin must thus be classed as a feniinine 
metal, a classification which is confirmed by the capricious, 
changeable nature of tin in uniting readily with both acids 
and bases —B. W. Gonser. 


A Chuckle On Us! 


I have enoyed a good many “chuckles” printed in METALS AND 
A.toys. I also got a chuckle from Mr. Cone’s article on ‘“Ameti- 
can Alloy Steels,” M&TALS AND ALLoys, July 1937, page 192, 
right column, last sentence: “With the growing use of low alloy, 
high electric (italics mine) and the low copper steels, some of 
which are not now recognized.” 

Stich a modest way to announce a new class of alloy steels, of 
haven't I recognized them when announced? How does Mr. Cone 
add the electricity in the furnace or in the ladle? How many 
Kilowatts per ton for Aigh electric alloys? What per cent stays 
in the steel? Is the electric alloy a carbide former or a solid 
“solution”? Here is a good subject for a Doctor's thesis — 
R. E. Cramer. 

“High electric’ for ‘high elastic’ is one on us—Editors. 


What Foreign Languages 
Do You Read? 


On an application-blank we saw the other day, the applicant 
replied to the question—“What foreign languages do you read?” 
as follows—‘None; studied German two years.” We couldnt 
rate him high as a linguist, but he scored for frankness —H.W.G. 
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Refractories Testing —A Symposium 


by John D. Sullivan 


Battelle Memorial Institute, 
Columbus, Ohio. 


presented at the Thirty-Ninth Annual Meeting, 

\merican Ceramic Society, New York, N. Y., March 
23, 1937. Five of the seven papers presented at the sym- 
posi'm have been published.1 Two papers entitled, 
“What Makes Testing of Refractories Difficult’’ by S. M. 
Phe!;s and ‘‘Apparatus and Equipment Used for Studying 
Prop rties of Refractory Materials at the National Bureau 
of Siandards,” by R. A. Heindl have not yet been pub- 
lishe’. This article abstracts some of the most important 
problems discussed at the symposium which are believed 
to be of interest to a large number of the readers of 
METALS AND ALLOys, 


A SYMPOSIUM ON REFRACTORIES TESTING was 


Test Methods of A.S.T.M. 


Phelps, in his paper, described testing methods used in 
the refractories industry, and stressed the problems en- 
countered in the design of test methods for refractories 
to yield reproducible results. He pointed out the necessity 
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AN EXTENDED ABSTRACT 


of following details of testing procedure to obtain reliable 
results. Heindl, in his contribution, also stressed the neces- 
sity of careful attention to experimental details. He de- 
scribed various equipment and methods used at the 
National Bureau of Standards, including the interferome- 
teric method of determining thermal expansion which has 
been described in detail elsewhere.2 Because of their 
authoritative nature, the methods of testing of the Ameri- 
can Society of Testing Materials should be followed when 
possible. The following methods of testing have been 
adopted by A.S.T.M.: 


Test for Porosity and Permanent Volume Changes in Refrac- 
tory Materials 


Test for Particle Size of Ground Refractory Materials 


Panel Test for Resistance of Refractory Brick to Thermal 
and Structural Spalling 


Panel Test for Resistance to Thermal and Structural Spall- 
ing of Fireclay Brick for High Heat Duty Service 
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An Open Pit Clay Mine (Courtesy: A. P. Green Fire Brick Co.). 


Panel Test for Resistance to Thermal and Structural Spalling 
of Super Duty Fireclay Brick 

Test for Permanent Linear Change after Reheating of Refrac- 
tory Brick 

Test for Refractory Materials under Load at High Tem- 
peratures 

Test for Softening Point of Fireclay Brick 

Testing High-Temperature Heat Insulation (Compression, 
Flexure, Shrinkage ) 

Chemical Analysis of Refractory Materials 

Chemical Analysis of Magnesite Refractories 

Test for Cold Crushing Strength and Modulus of Rupture 
of Refractory Brick and Shapes 


Phelps described in detail the panel or ‘Service Spalling”’ 
test of refractory brick to thermal and structural spalling, 
A.S.T.M. Designation C38-36. This test has also been 
described in detail elsewhere. As applied to fireclay brick 
for high heat duty service, A.S.T.M. Designation C107-36, 
the test equipment consists of a preheating furnace, a 
spalling-heating furnace, air-mist ducts, and necessary 
handling equipment. A panel consists of two vertical rows 
of 9-in. straight brick laid up with kaolin having a pyro- 
metric cone equivalent not below Standard Cone No. 34 
(approximate softening temperature 1760 deg. C., 3200 
deg. F.) and backed up with insulation, the thermal con- 
ductivity of which is such that the heat loss will be ap- 
proximately 900 B.t.u. per sq. ft. per hr. The mean tem- 
perature of the insulation will be approximately 700 deg. 
C. (1292 deg. F.). The panel is preheated at a face tem- 
perature of 1600 deg. C. (2912 deg. F.) for 24 hrs. 

When the preheating period is completed and before 
spalling begins the panel insulation is removed and the 
furnace is operated to obtain a temperature of 1400 deg. C. 
(2552 deg. F.). The spalling is conducted by alternately 
heating and cooling the panel for a period of 10 min. each, 
or a total cycle time of 20 min. Cooling is accomplished by 
means of an air-water mist blast, the air being supplied at 
1400 cu. ft. per min. and the water at the rate of 21/, gal. 
during the first 8 min. of the cycle. No water is used 
during the last 2 min. After cooling, the panel is trans- 
ferred to the hot furnace for reheating. The spalling 
treatment consists of 12 cycles after which the furnace is 
shut off and the panels given 2 additional cooling cycles 
without water mist. After dismantling the panel, the kaolin 
is scraped off with a trowel removing such portions of the 
brick that separate easily. The test brick are weighed to 
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the closest 0.1 lb., and the loss in weight reported as 
percentage of original weight. 


Navy Simulative Service 
Spalling Test 


McGeary, in his paper, stated that of the several factors 
in the destruction of fireclay linings of Naval boilers. 
fusion and spalling are most important. Slagging is rela- 
tively unimportant since all the present boilers are oil-fired, 
It is of primary importance to have tests so that fireclay 
brick purchased will have maximum resistance to the 
temperature that may be encountered in service and maxi- 
mum resistance to spalling action resulting from rapid 
changes in firing rates. In Naval practice the change in 
firing rate from 260,000 B.t.u. per cu. ft. furnace volume 
per hour to 26,000 or vice versa as fast as operators can 
shift burners is not uncommon. Standard wall construction 
of a Naval boiler is 41/, in. of dense fireclay brick, backed 
up with 2]/, in. of 2500 deg. F. insulating brick, and 1 in, 
of 1500 deg. F. insulating block or board. Under full 
power conditions the brick exposed to flame must with- 
stand 3000 deg. F. Under these conditions the mean tem- 
peratures are approximately as follows: Fireclay brick, 
2650 deg. F.; insulating brick, 1700 deg. F., insulating 
board 650 deg. F. The casing temperature is about 200 
deg. F. 


Examination of samples of brick taken from boilers 
after continued use showed that the depth of vitrification 
was about 1 in. In order to obtain this depth, was 
necessary to heat a panel to 2900 deg. F. for 24 his, fol- 
lowed by another 24-hr. period at 3000 deg. F., or vice 
versa. 


The apparatus and test procedure used in the Navy 
Simulative Service Test were described by McGea He 
summarized the principal differences between the :.cthod 
of testing refractories by the Navy and the A.>.T.M. 
method as follows: 


(1) Fireclay mortar is used by the Navy instead of kao- 
lin to lay up the test brick, creating a spalling loss approxi- 
mately three times as much as with kaolin. 

(2) Somewhat less insulation is used in the Navy test. 

(3) Oil fuel instead of gas fuel is used. 

(4) The preheat test is run for 24 hrs. at 3000 deg. F. 
and 24 hrs. at 2900 deg. F., instead of 24 hrs. at 2912 deg. 
F. This increases the depth of vitrification, particularly in 
brick which are just on the border line in quality. Reduc- 
ing the time to one run of 24 hrs. would have little effect 
upon the superior brick but would materially favor the 
brick of poorer quality. 

(5) The spalling cycle is 20 mins. heating and 20 mins. 
cooling (400 mins. total time) with the insulation in place, 
instead of 10 mins. heating and 10 mins. cooling (240 
mins. total time) with the insulation removed. 

(6) The number of spalling cycles is 10 instead of 12. 

(7) The cooling medium is atmospheric instead of ait 
and water mist. 

(8) Spalled portions are removed by thumb pressure in- 
stead of by scraping the sides of the brick with a trowel. 
This gives a spalling loss about two times as great as by 
scraping. 


In the Navy spalling test high heat duty fireclay brick 
average about 18 per cent spalling loss while super duty 
fireclay brick average about 7 per cent. 
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Panel Spalling Tests 
on Insulating Firebrick 


Resistance of insulating fire brick to spalling is believed 
by many to be a matter of great importance. Kerr, in his 
paper, discussed various methods currently used in testing 
insulating brick. The simplest test probably is that of 
placing a whole brick (9 by 41/4 by 21 in.) in a heated 
furnace and removing it to air-quench after a period of 
time. Another test is to air-quench the brick atte. a heating 
period in a furnace similar to the one used for water-dip 
spalling of fire brick. A third test consists of actually water- 
dipping the heated ends of the brick after a manner similar 
to the water-dip method sometimes used on dense brick. In 
this latter procedure the heating temperature has been varied 
according to the recommended temperature limit of the 
insulating brick. Panel-type spalling tests have also been 
used. Some of these are conducted without a preliminary 
pre-heat period. Some use air alone as the cooling medium. 
Other panel-type spalling tests have been made, whereby 
the heated face of the panel is sprayed with water to cool it. 

Kerr's personal observations of the various tests were 
that in the first test, where the specimens are placed in a 
hot furnace and then are air-quenched, a crack usually oc- 
currcd in the brick after several treatments. When the crack 
occurs so that the brick is divided into two pieces, roughly 
4\/, by 4Y/, by 21% in., the test can no longer be continued 
on a fair basis since, in service, spalling ordinarily occurs on 
the ‘ace exposed to the heat. He tried, without success, to 
correlate test data obtained by this method with. behavior 
in service. When the brick are heated on the ends only 
and air-quenched, the data are more reliable, although still 
not accurate enough in many cases to permit correlation 
with service behavior. 

The panel spalling test developed by the Armstrong Cork 
Co. is summarized as follows: 


Two test piers five brick high are built into a frame. 
Kaolin is used as a thin mortar in laying up the brick. The 
five test specimens of each brand are kept back about 1/, in. 
from the guard brick at the edges of the framework. No 
spring pressure is used. 

For the preheat, the test panel is placed against the front 
of the furnace and a low flame is applied to dry out the as- 
sembly. This consumes several hours. When the brick are 
dry, the rear side of the panel is backed up with 41/, in. of 
insulating brick as closely similar to the test brick as possi- 
ble. These “back-up” brick are placed to fit tightly without 
mortar. The furnace is then heated with as near neutral 
firing conditions as possible so that it attains a predeter- 
mined temperature in about 6 to 8 hrs. The furnace is then 
held at this temperature for a 24-hr. period to insure a 
thorough soaking on the face of the test panel under neu- 
tral or slightly oxidizing conditions. After the preheat 
Period, the gas is shut off and the panel is allowed to cool 
in place, after which it is removed for examination and 
photographed. Any shrinkage or crack formations are 
noted. 

After one such preheat period the brick are spalled by a 
cycle comprising 10 min. heating at 2000 deg. F. and 10 
mins. cooling by air which blows on the face of the pane! 
at the rate of 1400 cu. ft. per min. At the completion of 
10 cycles of heating and cooling the brick are cooled and 
‘xamined. The panel is dismantled, the spalled pieces are 
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broken off by gentle thumb pressure, and the total loss is 
measured. 

Kerr observed that the test usually produced a certain 
amount of spalling from the face of the panel, in unusual 
cases the face was sheared off to a depth of one inch, and 
in other cases the brick were cracked into six or more pieces. 
Some of the more resistant brick exhibited little change. 

Kerr presented the following general conclusions from 
his study of thermal spalling of insulating brick: 

The chemical constitution of the brick, for any definite 
temperature, is believed to be of less importance than some 
of the physical properties. 

A spongy structure is desirable. To be most effective, 
it must be coupled with good mechanical strength in the 
insulating fire brick. 

In general, the heavier brick exhibit better spalling resist- 
ance. No insulating fire brick have been found to withstand 
spalling so well as fireclay refractory brick at test tempera- 
tures of 2500 deg. F. 

Reducing conditions during the preheat period probably 
influence the spalling resistance adversely. 

The spalling test for high-temperature insulating brick 
used by Kerr at least divides the materials into three gen- 
eral classes, (1) good resistance to spalling, (2) medium 
resistance to spalling, and (3) poor resistance to spalling. 


Methods of Testing Insulating 
Refractories 


Perhaps the most important requisite of insulation is low 
thermal conductivity, although in the case of insulating 
firebrick used in construction of intermittently operated 
furnaces thermal capacity may be of equal importance. Al- 
though considerable work has been done for years by vari- 
ous investigators, the agreement between different labora- 
tories on the measured thermal conductivity of refractory 
materials is exceptionally poor. Nichols* has summarized 
the results obtained by different investigators on tests on 
the same lots of fireclay and silica brick. A later co- 


Making Hand-Molded Shapes (Courtesy: A. P. Green Fire 
Brick Co.) 
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A Dry Press (Courtesy: Ironton Fire Brick Co.) 


operative study sponsored by A.S.T.M. on thermal con- 
ductivity of carefully selected insulating firebrick showed 
about the same order of agreement. An investigation is 
under way at the National Bureau of Standards to attempt 
to determine the reason for different results by different test 
methods, and to develop a standard test procedure. The 
results of this investigation are awaited eagerly by the re- 
fractories industry. 

The only A.S.T.M. test method for insulating refrac- 
tories is the Tentative Method of Testing High Tempera- 
ture Heat Insulation, Designation C93-34T. The methods 
cover compression, flexure or cross-bending, and shrinkage 
tests. The crushing strength of insulating brick is low; so 
the A.S.T.M. test provides that the test specimen shall be 
compressed to a deformation of 5 per cent of the original 
thickness unless failure occurs previously, and the maximum 
load obtained reported. Reheat shrinkage is obtained by 
heating the test specimen to a predetermined temperature 


A Tunnel Car (Courtesy: A. ]. Lavino Co.) 









































in not less than 3 hrs., and soaking at that temperature tor 
24 hrs. 

Porosity of insulating brick may be determined in three 
ways. The first of these is by the determination of true 
specific gravity, weight, and bulk volume; the second, by 
boiling in water with determination of dry, saturated, and 
suspended weight; the third, by the use of a gas-expansion 
porosimeter. If the later equipment is available, a closer 
approximation of the true porosity can be obtained by this 
method than by the second method of boiling in water, 
Rueckel concluded, however, that there is slight correla- 
tion between porosity and other properties of insulating 
brick, and that brick density is of much greater practical 
value. 

Permeability is usually expressed as the quantity of gas 
flowing through a specimen per square inch of area per 
inch of thickness in one second under a definite pressure 
differential. Equipment used for this test varies greatly 
but in general consists of (1) a container which seals the 
sides of the specimen to prevent lateral air flow; (2) a 
means of moving gas through the specimens which may 
be forced through as compressed gas or drawn through by a 
negative pressure; (3) a meter for measuring the quantity 
of gas flowing per unit time; and (4) a differential pres- 
sure gage. Rueckel stated the permeability of refractories 
to gases decreases as the temperature of the gas increases, 
that cement coatings applied to the surface of insulating re- 
fractories decreased the permeability of gases only about 50 
per cent, and that, while permeability of insulating ref rac- 
tories may be of importance in a few isolated cases where 
high furnace pressures are maintained, in most such cases 
leakage is prevented by means of a steel shell. 

Most insulating refractories show poor resistance to de- 
formation under load at high temperatures, but in service 
there is no indication of failure of light weight brick due 
to poor load-bearing ability at elevated temperatures 

Insulating fire brick are in their infancy, and a great deal 
more work must be done in developing standard tcsting 
methods. 


Practical Service Testing 
of Refractories 

Callinan and Soler, in their paper, pointed out the rela- 
tionship between refractory service and the economics of 
steel production. In some plants furnace time is rated at 
$1 per hr. per ton capacity; so even minor delays for repairs 
or replacements are expensive. Another economic aspect 
is the effect of refractories on quality of steel, which may be 
affected by direct contamination, by physical or chemical 
effect, or by their effect on the mechanical manipulation 
either of the molten or hot plastic steel. 

An interesting example was cited. A nonmetallic fire- 
clay inclusion no larger than a pin-head may ruin a geat 
and the cutter tool. The authors feel that service tests 
should be used to supplement and not to replace laboratory 
testing. Service testing is an individual problem in each 
plant for conditions vary considerably. Furnace design, 
combustion conditions, temperatures, and the manner of 
processing in the furnace affect the brick. These facts must 
be kept in mind when correlating and studying service-test 
data. Each alloy steel plant has its own particular prob- 
lems, and consequently, satisfactory refractory life in one 
plant does not assure equally good results in another. 

The service tests used at the Timken Roller Bearing ©o., 
Steel and Tube Division, were discussed. 
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A Loaded Periodic Kiln 
(Courtesy: Ironton Fire 


Brick Co.) 


A preliminary inspection is given all refractory ship- 
ments before the material is unloaded, noting general ap- 
pearance, texture, warpage, and condition after shipping. 
After unloading, samples are inspected in the laboratory for 
uniformity of texture, lamination, warpage, and trueness of 
dimensions. If necessary, certain laboratory tests are made. 
Regu'ir first quality brick for ordinary service may be given 
a pyrometric cone equivalent (P.C.E.) test and a com- 
bined reheat and pellet slag test. If these results are satis- 
factory, the brick are ffirther checked in service. When 
the service test is completed, the brick are again examined 
closely and often a petrographic analysis is made. 

Open-hearth furnaces lend themselves quite readily to 
service tests because there are several places where brick 
may be installed for testing without serious danger of in- 
terrupting furnace operation. Burner ports, bulkheads, 
slag pockets, and checker chambers offer excellent oppor- 
tunities for test installations. The resistance of neutral or 
basic brick to slag erosion at high temperatures may be 
tested easily in burner ports. End-wall bulkheads provide 
a severe test for silica, basic, neutral, and super-duty brick 
which are designed for resistance to slagging at high tem- 
peratures and erosion by slag-laded flame and gases. A 
special advantage of this location is that test brick may be 
temoved at any time for further study without interfering 
with the furnace campaign. The false inner wall and bulk- 
heads of slag pockets offer a good position for testing the 
effect of slag penetration on silica and fireclay brick. Even 
though temperatures may not be so high in this location as 
in the upper furnace sections, the test brick are subjected 
to a long soaking action while exposed to the slag and heat. 
Service tests are easily made in the upper courses of checker 
chambers. In a well-designed checker chamber, failure of 
the brick is usually due to slag action, and it should be noted 
that temperature and the presence of a reducing atmosphere 
may increase the severity of the action. Here again, test 
_— can be easily observed or removed for inspec- 

ion, 

Considerable difference exists between electric furnace 
eam aad those in open-hearths. Temperatures here 

per and more concentrated while a reducing slag is 












encountered during the greater part of the heat. The fur- 
nace atmosphere is reducing and a comparatively high pres 

sure is built up in the furnace. Flux-laden gases rise 
through the electrode holes, subjecting the ring brick to se- 
vere slag erosion. The separately turned ring arch around 
each electrode is subject to the most severe service of any 
point in the furnace roof. Here are encountered the prob- 
lems of slag attack and spalling, and as the brick can be 
watched throughout the roof campaign, these rings offer an 
ideal spot for service tests, particularly as the roof may be 
removed before complete failure occurs. An electric fur- 
nace back wall above the tap hole is subjected to attack 
by liquid slag and steel when the furnace is tilted for 
tapping. During the heating period, this portion of the 
furnace is subject to severe spalling conditions. Basic brick 
can be tested in this location, as their condition may be ob- 
served through the charging door in the front wall of the 
furnace. 

It is comparatively easy to test pouring-pit refractories, 
since, with the exception of ladle brick, they are used only 
during a single heat. Service tests furnish valuable infor- 
mation on nozzles, sleeves, stoppers, plugs, hot tops, and 
ladle brick, and the results have an important effect on the 
quality of the steel. Action of the steel on these refrac- 


A Dry Pan. 










































tories being particularly severe, there are great possibilities 
of entraining nonmetallic inclusions from these sources. 
Such inclusions have the least time to rise out of the steel 
because solidification takes place soon after pouring. Double 
pour baskets offer an excellent opportunity for subjecting 
nozzles to service tests as the ferrostatic head is held con- 
stant and the two nozzles may be compared under identical 
conditions. In case of failure, pouring can be continued 
from the main ladle without losing any metal. 

Callinan and Soler summarized their observations on 
service testing of refractories in an alloy steel plant as fol- 


lows: 


Good judgment must be used in evaluating service test 
data and applying the results to other applications. Casual 
visual inspection is risky, for what may apparently be a 
minor item in a test application may be of critical importance 
in another case where conditions are more severe. Single 
tests are also not dependable; e.g., what may be a good ladle 
brick in a small ladle used for a certain type of steel may 
prove entirely unsuited for use in a larger ladle used for 
several types of steel. Variations in furnace practice in 
making different kinds of steel may further complicate the 
problem of evaluating the furnace refractories. Conse- 
quently, if preliminary laboratory and service tests indicate 
that a refractory may be satisfactory, testing should be con- 
tinued over a period of weeks or even months so as to in- 
clude a wider range of service conditions. Changes should 
be made with caution, for the quality of alloy steel depends 
in a large measure upon the refractories used in the fur- 
naces, ladles, and ingot molds. 


Correlate Laboratory and 
Service Tests 


The papers and discussions at the Symposium stressed 
the importance of and interest in refractories testing. Lab- 








oratory tests are important in developing new products and 
in evaluating products to be used in industry. Specifica- 
tions have been written for many refractory products, and 
in most cases tests have been devised to determine if the 
products meet the specifications. With the development 
of new products and with increasingly severer service con- 
ditions new tests must be developed. Wherever possible 
laboratory tests should simulate as nearly as possible service 
conditions. Service tests are necessary as a follow-up, and 
the correlation between laboratory and service tests should 
be established. With the application of scientific principles 
to the manufacture of refractory materials more and more 
attention is being paid to examination with the petro- 
graphic microscope and X-ray. Some work is being done 
at the present time on use of electron diffraction as an ad- 
ditional tool for examination of ceramic materials. 

The A.S.T.M. issued a new manual on refractory ma- 
terials in October, 1937, covering specifications, methods 
of testing, definitions, standard samples, test data manual, 
and industrial surveys. This manual is recommended to 
those interested in refractories testing.® 
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THE METALLURGICAL STORY OF 


Ford Brake Drums 


hy Edwin F. Cone 


== HERE HAVE BEEN, AND STILL ARE, several types 
| of brake drums, either in one piece or two, for auto- 
= mobiles. Of course the braking equipment of a car 
must be strong and dependable. 

Jntil some years ago it was the ordinary practice of the 
bu ders of the lighter types of passenger automobiles to use 

»w carbon pressed steel drum. There soon developed 
de'ects in this. It was soft and not rigid enough to retain 
its roundness or shape, often being distorted into an egg 
shape. It was also subject to scoring. But this was not a 
serous problem under the old conditions. With the ad- 
vent, however, of greater operating speeds, it became neces- 
sary to improve the brakes. This article is the metallurgical 
story of brake drums as developed by the Ford Motor Co. 


Cast Drums Displace Pressed 


Under the new operating conditions, the pressed steel 
drum was inadequate. In considering a substitute for this, 
two things had to be considered: Suitability of the braking 
surface, and strength. About the same time there devel- 
oped a trend toward a change in design—the use of larger 
inner hubs and very short spoked wheels. Before a change 
in design, it was easy enough to use a braking ring of low 
strength and some type of forged steel or malleable iron 
hub, as there was enough wheel to take the load of the car. 
This made the two-piece drum—a hub and a brake ring. 

On the rear wheels a gray iron ring with a forged hub 
was used and on the front a malleable ring and hub cast 
integral was tried. This chromium-nickel gray iron ring on 
the rear wheels was very satisfactory as a braking surface 
and adequate for strength with that design. The malleable 
ting and hub at the front was all right in every way except 
for its unsatisfactory braking surface. This can be easily ap- 
preciated in view of the experience with the pressed drum— 
the structure of the pressed drum was almost 100 per cent 
ferrite and the malleable iron was ferrite and graphite, but 
not enough graphite to improve the wearing qualities ap- 
preciably. 

The trend in design was then changed to an 
even larger hub and no wheel whatsoever. This made it 
necessary to either use a very large forged hub and gray 
‘ron fing or to cast a material that could be suitable for a 
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brake surface and strong enough for the hub and part of 
the wheel. 


Chemical Specifications 
Finally Adopted 


Experience had demonstrated that malleable iron was un- 
satisfactory for braking surfaces. Due to the extensive ex- 
perience of Ford metallurgists in casting other high carbon 
steels such as crankshafts, pistons, etc., previously described 
in articles in METALS AND ALLOYS, it proved rather simple 
to adopt a slight variation of these compositions for brake 
drums. 

After many trials and investigations, the following chem- 
ical specifications were adopted for brake drums: 





Per Cent 
eri iniy se cdws «>< wey 
EL ey 
NL re 2.00 to 2.25 
Manganese ............. Bale § . 0.70 to 0.90 
RC ig AL eet oss 0 0.10 Max. 
P< chavs + ale , 7 . 0.08 Max. 


All brake drums for Ford V-8 cars are now made strictly 
to these specifications. 





Heat Treatment and 
Physical Properties 


Before using, these castings have to be subjected to care- 
ful heat treatment. This is stipulated as follows: 
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The Brake Drums Are Cast in Pairs, This is as they look after coming out of the mold. They were poured 
Brackelsberg metal. Courtesy: Kelsey-Hayes Wheel Co., Detroit. 


Heat to 1650 deg. F. and hold for 30 min.; cool rapidly continuous furnaces of the roller rail type or in gas 
to 1400 deg. F., and then cool at the rate of 90 deg. per hr. pusher type furnaces. The structure of this alloy, ; 


to 1200 deg. F. This is followed by cooling in 1 hr. to and after heat treatment, is shown by the photomicrog 
1000 deg. F. 


The Brinell hardness then is 187 to 241. The physical Obtaining Desired Structure 
properties of this material thus heat treated are as fol- ‘ | ' ; 2 
lows according to two tests, representative of many. x hes eon found by Ford metaburpiets that ox 

microstructure for a steel braking surface is a | 

7 earlite with graphite distribution, primary in the 

Elastic limit Ibs. per sq. in. ... 69,400 70,300 P . grap : » P ry 

Tensile strength Ibs. per sq. in. 85,600 85.100 gray iron and secondary in the case of metal of this 

Elong. in 2 in., % 7.07 7.00 analysis. Therefore the analysis specified is one that 

Brinell ...... 217 223 economically cast and normalized to produce the st 
The heat treatment specified is carried out in gas-fired desired. 


How the Brake Drum 1s Applied. 
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Another View of the 
A pplication of the 
Brake Drum. 
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ie carbon is held well under the malleable iron range 
an just in the steel range. It should be as high as possible 
fo. casting reasons and not*so high as to anneal into a par- 
tia malleable iron structure. The range as specified is 
fo. nd to be suitable. 

he silicon content is put just high enough to aid in an- 
ne ing, i.e., to produce a graphitizing action in the anneal- 
ing furnace so that the length of time for annealing may be 
kept economically short. It also plays a part in maintain- 
12 fluidity and on casting quality. 

‘he copper has much the same action as the silicon as 
far as graphitizing is concerned, but in addition it tends to 
harden the pearlitic matrix of the final structure. Especial- 
ly does the copper increase the hardness of some small areas 
of ferrite that may be present after annealing. 


—. 
— 


AT cair a —- 
: \ 





The manganese acts as a matrix hardener and holds 
enough carbon in solution so that, upon annealing, the 
desired pearlitic structure is obtained. Ford metallurgists 
say that a better braking surface could be obtained by in 
creasing the manganese content or by adding some other 
catbide former but the top limit of the present Brinell 
hardness of 187 to 241 is about as hard as is now eco- 
nomically machinable. 


Brake Drums Made 
by Other Foundries 


These brake drums are not now produced in the Ford 
foundries ‘but are made by other companies to Ford specifi- 
cations, both as regards composition and heat treatment. 
The melting is done in either pulverized-coal-fired Brackels- 


Structure of the Alloy in the Brake Drums in the As Cast Condition. Etched in 5 per cent nital. Left is 100 X and 
right is 1000 X. 
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Structure of the Alloy in the Brake Drums after Heat Treatment. Etched in 5 per cent nital. Left is 100 X and right 
is 1000 X. The latter reveals the lamellar pearlite. 


berg furnaces or in electric furnaces. The charge consists 
generally of return or back scrap, low carbon scrap steel 
and enough pig iron to insure the correct analysis. The 
copper is charged as scrap copper with the original charge. 
The castings are made in green sand, usually two in one 
mold. 


As stated previously the heat treatment is accomplished 
in two types of gas-fired furnaces. At one of the plants 
producing these castings a Surface Combustion roller hearth 
type is used and another company, which produces these 
castings by electric melting, employs a pusher type Holcroft 
furnace. 


Double Decked Holcroft Heat Treating Furnaces for Copper-Silicon Alloys. The lower furnace handles crankshaft 

the upper one wheel hubs or brake drums through a heat treatment cycle of from 6 to 8 hrs. during which a temper 

of 1650 deg. F. 1s reached. Both furnaces are hydraulically operated, the upper one having automatically timed elet 
and lowering devices. Courtesy: Ford Motor Co. of Canada. 
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ATMOSPHERES AND FLUXES IN THE 


Melting of Wrought Phosphor Bronze 


by L. Kroll, F. €. Balland —. A. Anderson 


Dullas Division, Revere Copper & 
Brass, Inc., Chicago. 


HE LITERATURE IS FULL of contradictions on the 5, the tin content ran between 7.55 and 8.15 per cent. 
proper method of melting phosphor bronze. Some However, the strength in the fully annealed condition was 
authorities state that oxidizing conditions are very bad, not sensitive to Sn content. No. 10, which was poured at 

others that oxidizing conditions are necessary. Gas holes, a high temperature, was the strongest and Nos. 8 and 9 
in\ rse segregation and tin sweat are often linked with the 
atr osphere under which the metal is melted.. Imperfec- 









































tions that affect the mechanical properties, the forming 66,000 | 

ju. lities and the ability to take a smooth polish, are like- c Oo, 

wis ascribed to the conditions of melting. + 62.000 inn 

) throw more light on the effects of variables, a series ate “ o 

of eats was made up in a 50-Ib. laboratory gas-fired cruct- 4 

lc furnace, using clean copper scrap and virgin tin, under B 58,000 r) 

arous atmospheres. These were cast into chill molds Ww 5 

to give flat bars 11/4 in. thick which could be subsequently w 

rolled to sheets for physical properties and Olsen ductility = 54,000 
tests. From these heats, samples were also taken for vari- c 
ous other tests as described later. The analysis of the heats ve 50.000 
and the fluxes, covers, or atmospheres used are given in 
Table I. Save for the cummin noted in the table, all , 0 0.05 0.10 O15 0.20 0.25 
were poured at 2080 deg. F. Phosphor copper was added Per Cent Phosphorus 
at the end of the heat in amount governed by the amount Fig. 1.—Effect of Phosphorus on Tensile Strength of Fully 
of slag upon, and the appearance of the metal surface, the Annealed Bronze Cast under Various Conditions. 
aim being to have about 0.20 per cent P retained in the 
metal, save in two cases noted in the table. In one heat the weakest. The two latter were low in P. Fig. 1 shows 


sulphur was intentionally added. 


that the strength is sensitive to the P content. The only 
It will be seen that with two exceptions, No. 3 and No. 


heats falling off the curve are No. 10, poured at the high 


Table I—Analyses of the Heats and Fluxes, Covers or Atmospheres Used 


Properties of 0.020-in. sheet rolled 
from flat bars and annealed 
45 min. at 1200 deg. F. 
— 








gee inn oe ———E — © 
Heat N Sn P Fe Tensile Elongation, Rock- 
eat No. sper cent per cent per cent Atmosphere or flux Special note strength per cent well F 
4 8.12 0.180 0.010 Purified No 62,000 66.8 89 
] 8.00 0.190 0.010 Gas atm.*, no cover no test 
- 8.00 6.236 0.003 Charcoal cover no test 
3 7.72 0.003 0.010 Charcoal cover and glass No P added 56,100 64.9 88 
3 6.55 ® 0.134 0.010 Dry air, no cover no test 
- 7.80 0.220 0.014 BaO cover, no charcoal 62,800 63.7 90 
; 7.61 ‘ 0.127 trace Steam, no charcoal 60,700 66.0 92 
5 7.25 0.218 0.014 Dry Ha, no charcoal 62,400 66.8 91 
13 8.04 0.058 trace Dry Ha, no charcoal Very low P 57,500 70.7 88 
2 eo 0.250 0.002 C Ch, no charcoal 63,200 67.6 89 
10 ae 0.240 0.016 Charcoal—prefrozen d 60,900 62.4 89 
6S 58 0.220 0.012 Charcoal and glass Poured 2300 deg. F. 66,000 64.4 92 
ae. 7.75 0.206 0.018 Charcoal 0.15 S added 62,900 62.1 93 





“High Sn. “Low Sn. ©¢ Gas 9.7% COs, 1.8% CO, 2.5% He, 0.1% Ox; bal., Noa 4 Allowed to freeze in crucible, immediately remelted. 
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Fig. 1a.—Fracture of Sample Cast in Iron Mold, Charcoal 
Cover and Deoxidized with Phosphorus. 


temperature and No. 12. This was also on the low side in 
ductility. No 6S, the sulphurized heat, had normal 
strength but low ductility. 

The properties of sheets from the respective heats which 


Fig. 1b.—Fracture of Sam ple Cast in Iron Mold with Char- 
coal and Glass Cover, not Deoxidized. 
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were rolled after annealing for 45 min. at 1100 deg. F, are 
shown in Table II. After rolling the cast bar by the regu- 


lar rolling and annealing method to 0.060 in. and annealing 


at 1100 deg. F., these sheets were rolled to 0.020 in. ip 
thickness or reduced 67 per cent. 

No. 8, in Table II to which no P was added, is lowest in 
strength; No. 10, which was overheated, shows this effect 
in an extremely high yield and low ductility. Other vari- 
ations in properties do not stand out enough to allow evaly- 
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Fig. 2.- Effect of Phos phorus on Grain Size of Bro) Cast 
under Various Conditions and Annealed at 1400 _F. 
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Fig. 2a.—Effect of Iron on Grain Size of Bronze Cas 
under Various Conditions and Annealed at 1400 deg. F 


Table 1|—Properties of Sheets Rolled After Annealing 
at 1100 deg. F. 


Elastic 
Tensile, Yield, Limit, F 

Ibs. per Ibs. pet Ibs. per Elongation, Rock. 

Heat No. sq. in, sq. in. sq. in. per cent well I 
4 119,600 104,500 82.300 1.60 101 
Ss 114,600 100,500 83.400 1.50 100 
ll 128,300 112,800 92,400 1.60 103 
7 121,000 107,000 90,800 1.50 100 
5 124,300 109,700 87,200 1.50 102 
9 120,600 110,500 89,500 1.50 102 
13 124,500 103,000 91,600 1.50 101 
12 126,000 112,300 93,100 1.50 103 
10 127,200 125,700 96,400 0.80 102 
6S 121,800 109,800 $3,200 1.90 102 
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ation of the melting conditions on the score of mechanical 
properties. That 6S, with its high S, showed normal me- 
chanical properties, is worthy of note. 

The Olsen cupping test for ductility was next examined, 
with the results given in Table III, after a 1150 deg. F. an- 
neal. 


Table 111—Olsen Cupping Test for Ductility 


Olsen Grain size, Grain size, 
Heat No. Gage Scleroscope value 1150 deg. 1400 deg. 
4 0.021 22 0.489 0.11 0.11 
1 0.0114 20 0.4194 0.09 0.10 
? 0.0114 21 0,420 4 0.10 0.13 
g 0.021 22 0.492 0.10 0.095 
3 0.011 4 23 0.428 4 0.10 0.11 
1] 0.021 23 0.490 0.045 0.05 
7 0.019 20 0.489 0.095 0.10 
0.021 25 0.500 0.07 0.08 
0.020 21 0.490 0.10 0.12 
0.020 22 0.494 0.12 0.11 
0.022 23 0.506 0.04 0.065 
10 0.021 24 0.506 0.045 0.055 
6S 0.019 24 0.430 0.045 0.04 
Thin gage. 


The Olsen value on the 0.02-in. stock of 0.489 to 0.506 
or that of 0.419-0.428 on the 0.01-in. stock, did not vary 
enough to give any indication of differences in quality. The 
su!phurized heat, 6S, falls down in Olsen value, as might be 
expected. 

ie grain size showed so much variation that it was de- 
ter nined again after a higher anneal, as shown in the last 


col mn. Plotting grain size against P gives a shot-gun 
curve, and there is evidently no relation, but grain size 
aga ost Fe content (derived from the stirring rod) shows 
tha: when Fe rises above 0.01 per cent, the grain size drops 


abruptly. (See Fig. 2.) This observation is interesting but 
neces further checking. 

far all we have learned from the tests cited is that 
incase in P raises the strength in the fully annealed con- 
ditin, overheating reduces the ductility in the hard con- 
dition, and S$ injures the Olsen value. No real light has 
bec thrown on the question of the atmosphere, flux or 
cover in melting. Since the gas content or degree of 
soundness resulting from the atmosphere used should be 
reflected by density values, these are compared in Table IV. 


Table 1V—Density Value Compared 


Flat bar 
Scoop, Flat bar, forged 50 per cent 
Heat No. 12 hrs., 1200 deg. 12 hrs., 1200 deg. and annealed 
4 8.8685 8.8380 8.9238 
l 8.8607 8.7839 8.9140 
2 8.8478 8.7605 8.9046 
8 8.8531 8.5412 8.9261 
3 8.8506 8.8393 8.9203 
11 8.8511 8.7691 8.9108 
7 8.8833 8.8318 8.9263 
5 8.8506 8.7701 8.9165 
9 8.8901 8.8206 8.9364 
13 8.8407 8.7511 8.9117 
12 8.8612 8.8219 8.9131 
10_ 8.8244 8.7053 8.9018 
6S 8.8239 8.7498 8.8398 


The scoop sample, previously described, METALS AND 
ALLoys, Oct. 1936, p. 261, Jan. 1937, p. 25 is designed to 
climinate variables that may enter in pouring. The rapid 
chilling of this prevents the evolution of gas that will occur 
in slower freezing, so that the behavior of the flat bars, 
whose rate of freezing is more like that of the commercial 
product, is probably a more sensitive indicator of gasiness. 
Any of the density specimens, however, will pick out the 
fact that the overheated Lot, No. 10 is in a class by itself as 
to low density. 

From the others, Nos. 9, 7, 8, 4 and 3 stand out in the 
forged and annealed condition, and in most cases they are 
also among the denser specimens in the unforged condition 
and in the scoop sample. In spite of the idea that hydro- 
Sen or water vapor causes gasiness, Nos. 9 and 7, in hy- 
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Fig. 3.—Structure of Alloy No. 4 Melted under 
Nitrogen. Cleanest of all. Magnification 75X. 


drogen and steam, have not given low density. It will also 
be noted that, though P is necessary to control gas, Nos. 9 
and 3 with no, or very little, P are well up in density. No. 
5, in hydrogen with P added has one of the lowest densities. 
No. 3 in air, without any charcoal cover or other protec- 
tion, is by no means the worst of the lot as to density. 





Fig. 4.—Structure of Alloy No. 13 Melted under 
CCl,. Very clean. Magnification 75X. 
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mold on samples near the surface and halfway from surface 
to center gave the results in Table V. 








Table V—Analyses for Copper 








Heat No. Surface Halfway in Difference 
4 ‘sue tes. cictvibeee 91.49 91.87 0.38 
. ee oe ey 91.82 91.98 0.16 
SB Shr ocsteauteseees 91.66 92.13 0.47 
SD awwetaseveeracues 93.12 93.47 0.35 

P. ” Sct wiehdawedas es 91.62 91.96 0.34 
ME Sn a ee 91.50 91.91 0.41 
a “See eak paws ce witb’ 91.81 92.38 0.57 
O her dtuwe sends ets 91.54 92.11 0.57 

LS, \Gpevesd ttek nee 91.44 91.79 0.35 

Pe. 43 s8teeehenen ks 91.71 91.86 0.15 
EASE ee Ara 91.49 91.76 0.25 
Mr ‘ett kddaa etna boo i 91.14 91.57 0.43 


Nos. 2 and 12 with charcoal showed the least difference, 
while Nos. 5 and 9 under hydrogen, showed the most, 
Distinctions again are not clear cut. Visual examination 
of fractures was made on bars cast in a variety of ways as 
revealed in Table VI. 





Table Vi—Visual Examination of Fractures 





Round bar Round bar 
Heat No. Scoop in iron mold in sand mold 
DV dékes ct uae No trace of gas Trace Trace 
h  éen es Omelet ee ee Gee We Aes vei ia SA Saee oa on 
 Perreers se No trace of gas Trace Very spon; 
eS ecocaes uae No trace of gas Much gas Much gas 
3 pp eutiees een No trace of gas No trace No trace 
St us caebenweuee No trace of gas No trace No trace 
Ee No trace of gas No trace No trace 
S, caveie Un eae No trace of gas Trace Spongy 
Os Sie tin eek No trace of gas Very much gas Very n is 
k is", .xbkvane ela No trace of gas Trace Trace 
Fie. 5.—Structure of Alloy No. 11 Melted under | eT ee Some gas Trace Trace 
6 ; % , eA | a ee No trace of gas None None 
BaO. Very clean and fine grained. Magnifica- OT ahalartd wie it Mo tence of wae one ene 


pron IR. Although the overheated Lot 10 had low density, it showed 





The picture painted by the density figures is not very wo R tic sa the naked niin (we shall later = th = 
clear and other methods of differentiation must be sought. microscopic examination of the slow cooled bar it did show 
Turning to the question of tin sweat and inverse segre- gas) Nos. 2, 8, 5 and 9 all showed up poorly in the s owly 
gation, tin sweat occurred in No. 9, a low P heat (but did cooled bars. These had, respectively, charcoal cover, with 
not appear in No. 8 without P) and in the overheated No. P; charcoal cover, no P; hydrogen atmosphere wi’ P; 
10. Analyses for Cu of round bar castings made in an iron hydrogen atmosphere with low P. The difference be ween 
P and no P is shown in Fig. 1 in which the slowly «« oled 

Fig. 6.—Structure of Alloy No. 2 Melted under bar fractures of Lot 2 and Lot 8 are compared. Nos. », 11 
Charcoal Cover and Normal Practice. Magnifica- and 7 come through this examination with no trace ©: gas. 


tion 75X. These were melted, respectively, in air without protec tion, 


under BaO without charcoal, and in steam without char- 

coal. 
Results of examining the fractures under 50 dia. magnifi- 

cation, are listed in Table VII: 


Table Vil—Fracture Examination at 50x 


Round Round 
Heat No. Scoop bar in chill bar in sand 
} -ccveatdenes No trace Trace Trace 
Ri ere eee OS SO aha eee NS es aa 
a she eowevees No trace Gassed Spongy and 
gassed; gray 
spots 
Bikers cutauene Trace Much gas Much gas 
ees ee No trace No trace Gassed 
Idi: we aceenkes No trace Trace No trace; gray 
spots 
y  .ngh one bare No trace Trace Gassed gray 
spots 
D dn epenteks No trace Gassed Spongy but not 
gassed 
Oo Genk vues < Lightly gassed Much gas Much gas 
ay” adebecteoos: No trace Trace Trace; gray 
spots 
12 ddss owes s Trace Trace Trace; gray 
spots 
I aera No trace Gassed Much gas; gray 
spots 
ir) red eeline © 6s No trace No trace No trace 


Leaving out 6S, those that lead in freedom from gas of 
sponginess are Nos. 11, 7, 4, 13 and 12, respectively under 
BaO, steam, nitrogen, CCl,, and under charcoal with freez- 
ing and remelting. 

Examination, by eye, of the fracture of flat bars from 
which sheet was rolled gave the results in Table VIII. 
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‘g. 7.—Structure of Alloy No 8 Melted under Fig. 8.—Structure of Alloy No. 5 Melted unde 
arcoal and Glass with no Phosphorus. Dirty. Hydrogen. Very clean. Magnification 75X. 


Table Vill—fFracture Examination by the Eye 
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Magnific ation 75X. 


Examination, by eye of the surfaces of the annealed sheet 
from the flat bars showed Nos. 9 and 10 defective; the 


N Gas No. Gas 
4 ......ccRniae Trace ‘gt inde others showed no surface defects. 
; 0 ogi ey: ee Bonen esese +s RRR The annealed sheet rolled from the flat bars was given a 
: Baise — gas ES apbegee o- microscopic examination and count of defects and inclusions 
S......cee Trace TD ae a oe ee gee ee eee 

. 9.—Structure of Alloy No. 3 Melted in Air Fig 10.—Structure of Alloy No, 10 Melted under 

th No Cover. Quite clean. Magnification Charcoal and Glass. Overheated and ditty. 

75X. Magnification 75X. 
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Fig. 11.—Structure of Alloy No. 6 Unetched and 
Sulphurized from Scoop Sample. Magnification 


75X. 
Table 1X—Microscopic Examination at 150x of Annealed 
Sheets 

No. of 

defects 

in 10 
No. Melting sq. in. 
Se ee eee 14 Surface appearance very good 
1 Gas (see footnote Table I)... 174 Faits ’ 
i so is antes dada ee* 243 Fair 
8 Charcoal and glass, no P 290 Bad, one large defect 
Be BUR. ME aa ube s&s .. 155 Fair, one rather large defect 
11 BaQO, no charcoal.. . 100 Good surface appearance 
7 Steam, no charcoal......... 293 Fair 
5 eS Ee ee A 127 Good surface appearance 
9 He. no charcoal, low P..... 454 Surface appearance very bad 
13 COde, mo Cheregehs és da cctaes 60 Surface appearance very good 
2 Charcoal, frozen and remelted 330 Good surface appearance 
10 Charcoal and glass—high 

a a 8 a A 200 Worst surface appearance * 

6S Charcoal (S added)......... Full of inclusions. Bad 


* Most defects small, but one very large group of defects. 
_Micrographs at 75X in Figs. 3-11 illustrate the appearance of some 
of the heats. 


From the point of view of cleanliness the heats melted 
without access of air or of hydrogen, CO,, steam, etc. (that 
is, those under N, and CCl,) showed up the best. The 
BaO flux was also quite promising. 


dé? 
_— 
te 





‘The presence of a reasonable amount of P and the avoid- 
ance of overheating (at least on metal under the usual char- 
coal cover) were definitely indicated as necessary. 

The relatively fair behavior of metal melted under hydro- 
gen and properly phosphorized was of interest in view of 
the many comments on the hazard of gasiness in presence 
of hydrogen. The soundness of the heat to which S was 
added was also surprising. 

The laboratory tests were supplemented by two induction 
furnace heats in the shop, one to duplicate No. 3, 1e., in air 
without charcoal or other cover, the other under hydrogen, 
to duplicate No. 5. The former showed only traces of gas 
on examination of the fracture, the latter showed a trifle 
more but when the sheet from each was rolled to finish gage 
the surface appearance was similar, and could not be dif- 
ferentiated from that of the usual commercial melts under 
charcoal. 

It would appear that, in phosphor bronze, neither an 
oxidizing nor a reducing atmosphere is fatal in melting; the 
use of sufficient P and the avoidance of overheating seem 
to be more vital precautions. 

Our own appraisal of the quality of the experimental 
melts, on the basis of all the data, for properly phosphor- 
ized heats, not overheated, puts them in the following order 
from best to worst: 


ea 


No. Melted under 


A: i Nitrogen 

13 CCl, 
B: 12 Charcoal, frozen and remelted 

11 BaO 
C: 3 Air—no cover 

| Gas 

2 Charcoal 

5 Hydrogen 

7 Steam 

The non-phosphorized or too-lightly phosphorized cats 

No. 8 and 9, the overheated melt No. 10, and the su!phur- 
ized heat 6S all had very obvious faults which put t! in 
a different category from the rest. 


While neither melting in air without charcoal no: ler 
hydrogen gives results superior to the usual practice of melt- 
ing under charcoal, such practice was not found as harm- 
ful as the literature would indicate. 

On the other hand, exclusion of air and reducing gas by 
use of gas inert to the melt, nitrogen or carbon tetrachloride 
did show advantages, though the inert gas method would 
not be commercially convenient. The cleanness of the melt 
made under BaO indicates that this cover deserves further 
attention. 
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A CORRELATED ABSTRACT ON 


Corrosion and Corrosion- Resistant 


by V. V. Kendall 
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LS AND ALLOYS 


ING THE LAST FEW YEARS, augmented in- 


rest in Corrosion and corrosion-resistant metals and 


ys has been shown by the increased number of 
in various society and metallurgical publications 
ting in a series of symposia during 1936 which com 
. total of some 48 papers on the physical properties, 
tions, and corrosion resistance of metals and alloys. 
ymposia were: In England, the Chemical Engineer- 
gress of the World Power Conference; and in the 
States, the American Society for Testing Materials 
sium on High-Strength Constructional Metals,’’ the 


Juice Extractor Fabricated Completely from 18-8 Stainless Steel. Reaming burrs, flush guards, collecting 
and gathering tube included. Even the motor shafts are made from free machining stainless steel. 
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American Chemical Society's “Symposium on New Metals 
and Alloys Applicable to the Chemical Industry,’ the Amer- 
ican Society of Civil Engineers’ symposium on “Structural 
Applications of Steel and Light-Weight Alloys” and the 
American Society of Mechanical Engineers’ Symposium 
on Corrosion-Resistant Metals in Design of Machinery and 
Equipment.” 

The viewpoints and the memberships of these societies 
vary, with the result that duplication in the field covered 
or the data presented at the time of the symposium is of 
little moment. However, when all the papers are pub- 


r1Ng, 





313 

















Physical Properties (Cont.) 


TABLE !—Chemical and Physical Qualities of Chromium and Chromium-Nickel Alloys 


Chemical Analysis (Percentages) 
_ os 


Physical Properties 


aes Yield Point ~ 








’ a — ee SSS ee ata sg ii. 
Chromium Nickel Silicon” Other Elements Stress in Kips 
Item Alloy A ——————_ “ad ning - per Sq. In. 
No. No.f Carbon® From: To: From: To: From: To: From: To: From: To: 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
ae eS 12 Cr 0.12 12.0 14.0 or ‘es ee oe Fe ey 40 170 
I 12 C1 0.12 12.0 15.0 ¥ ae (0.20)3 (0.40)3 0.45! 0.65! 40 150 
kas sinkete it nese 18 Cr 0.12 16.0 18.0 ve ‘oe oe «ve we ee 40 100 
Oe erie «uation UROL 28 Cr 0.20 23.0 30.0 was at xa 45 
Se wasp tadatccuvards 18-8 0.20 17.0 19.0 7.0 2.5 es Te 35 225 
| SE ar PP eee 18-8 0.20 17.0 19.0 7.0 9.5 0.15™ 0.30™ 45 130 
gic eevee eee 18-8 0.20 17.0 19.0 7.0 9.5 2.0 3.0 ies er ca 40 
eo kites cha ved eras aw é 18-8 0.11 16.0 19.0 9.0 14.0 2.0! 4.0! 40 130 
AS ae 18-8 0,11 17.0 19.0 7.0 10.0 (4)F (4)" 35 200 
1 ee ee ee 18-8 0.15 17.0 19.0 8.0 12.0 (6)F (10) 40 200 
11! 25-12 0.20 22.0 26.0 11.0 14.0 2.0% ase Pee ee 40 
12! 25-20 0.25 24.0 26.0 19.0 21.0 jae re re a 40 





Tensile Strength, Elongation Reduction 
in Kips in 2 In. in Area Creep Strength for 1% Elongation per 10,000 Hrs., in Modulus of 
per Sq. In. Per cent Per cent Kips per Sq. In. at deg. C. elasticity, 
———— _— ——_»~—_ 3 A—__—_—_, f= armas mpaas ty ons in Ibs. pes 
From:* To:4 From :¢ To:4 From:* To:4 900 1,000 1,100 1,200 1,300 1,400 1,500 sq. in. 
Item No. (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) 
PR eer 70 200 28 10 65 25 ea 12 5.0 2.2 1.6 1.1 0.7 28,000,000 
SPELT cate ke 70 175 25 10 60 30 es % e's e. es os 28,000,000 
OP Bess chkeka oes 70 125 28 10 60 25 9 5.3 2.0 1.4 1.0 0.6 29,000,000 
4), a8 Tay 2 75 28 if. 60 + ea 3.5 1.7 0.8 0.2 h 29,000,000 
i, OFS Aree er 85 275 55 6 65 30 24 18 11.0 7.0 4.5 2.6 0.9 29,000,000 
SO: Nn a0: wid ol ee ae 100 160 55 20 60 40 ‘ e* os ie +n Ze 29,000,000 
ye ate 90 50 a6 60 es 19 12.0 7.0 4.6 2.5 ee 29,000,000 
GP, ere “vr 90 160 55 20 65 50 alia ga +s ; Ww? 29,000,000 
PP gases argtate ules a 85 250 55 5 65 30 14.0 8.0 6.0 3.0 + 29,000,000 
| SRS Pe jadawewe 85 225 55 5 65 30 + + o% ca > 29,000,000 
LE * 4 venta dy 6 tere 9. 90 55 : 65 es ~ rs ‘4 < ps o* 29,000,000 
ee, 5 ed atari 9u 50 55 21 13.0 7.5 0.5 2.8 aye 29,000,000 
Coefficient 
of Expansion at A, 
deg. C. 
~— A —_ Heat Scaling Tem- Brinell Izod I: 
Values conditions,® peratures, in Deg. Hardness No. in Ft 
of A Coeffi- Heat in calories ——~’—— — FF — _ 
Item From cient, Magnetic Welding treatment per cu. cm. Con- Inter- 
No. Odeg.to: % 10-* properties properties properties perdeg.C. tinuous mittent From:* To:4 From :°¢ a 
(26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) ) 
im. th tare oh & 6 0 drab and 800 12.6 Yes Poor? Good 0.05 1,400 1,400 160 418 100 
ae (5.4 das. 0 eee ee 800 12.6 Yes PoorP Fair® 0.05 1,400 1,400 160 340 70 ) 
IE gs hs Mil tn a a ak 800 11.2 Yes Poor? None 0.045 1,500 1,600 160 255 70 I 
Or 20 eR KOA WROD OSA BOS 1,000 13.0 Yes PoorP None 0.04 2,000 2,100 160 ses 30 
Se es 800 20.0 No Good None 0.035 1,600 1,400 156 418 110 
Ps aie oc Gib & rae 800 20.0 No Fair4 None 0.035 1,400 1,400 179 350 80 
ein a ob ene Oeeeen 800 20.0 No Good - None 0.035 1,700 1,500 156 ces 80 
Dass dhbende swaten 800 20.0 No Good None 0.035 +e bea 160 350 110 
OF sctistuca the 6oaee 800 20.0 No Good None 0.035 1,600 1,400 156 396 100 0 
SP + ccyeoewhan's pie” 800 20.0 No Good None 0.035 1,600 1,400 160 350 90 15 
(ge aero ospaeey 1,000 20.2 No Good None 0.03 2,000 1,600 160 ois 90 a 
Seite essen hes seas 1,000 22.5 No Good None 0.03 2,050 1,700 160 ves 90 
* Maximum allowable. © Except Item No. 2. © Annealed. 4 Heat-treated or cold-drawn. °¢ Soft steel, 0.10 calories per cu. cm. per C, 
‘Trade designation by which the alloy is commonly recognized. & Heat-treated to improve physical properties. ™ Cold-worked to improv: ical 
properties. ' These items will harden on cold-working but since they are used only for heat resistance they are annealed only. / Sulphur. faxi- 
mum. ' Molybdenum. ™ Selenium. °* Titanium four times the carbon content. ° Columbium six to ten times the carbon content. »? Britt elds. 
& May check. * Fair to good. 1 kip = 1,000 Ib. 





lished, duplication is necessarily present and the reader 
is appalled at the amount of reading involved if he were 
to obtain all the information presented in the field in which 
he is interested. 

It was considered that a correlated abstract of these 
papers would serve a useful purpose both in collecting the 
more recent data and in assisting the reader to choose pa- 
pers of particular interest for more careful perusal. 

During the last few decades structural engineering design 
has become very much standardized. Its theory is based 
upon idealized materials which assume perfectly elastic 
properties of the materials. Such phenomena as stress con- 
centration, fatigue and creep have been neglected. A com- 
prehensive review of newer design theory and methods of 
attack, outlining broadly the factors to be considered is 
given by Karpov', Templin? and Brahtz.* 


High Strength and Light 
Structural Steels 


The low-alloyed structural steels have been used for 
many years but the increased demands and increased size 
of structures has necessitated the development of higher 
strength and lighter steels. The evolution of high-strength 
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structural steels is traced by Moisseiff?® and the app!ication 
of alloy steels to light weight construction by Rags:ale.** 
The low-alloy structural steels are also reviewed by Bain 
and Llewellyn?! from the standpoint of the effect of the 
various elements on physical properties. Actual applica- 
tions of such steels in bridges and buildings are described 
by Beard.*4 

The stainless high-alloy structural steels are being ¢x- 
tensively used in the structural engineering field as re- 
ported by Morris.22_ Examples of applications are given 
which include dam construction, where they are used for 
gate-rollers, guides, seal strip and screw mechanism for 
raising and lowering the gates; sewage disposal plants, in- 
takes, reinforced concrete and irrigation. Table I (from 
Morris) gives the range of physical properties of the most 
common high-alloy steels. 


While physical properties are generally of paramount 
importance in the design of any structure whether intended 
for roofing, bridges, chemical plant, oil refining, transporta- 
tion of oil, gas or water, yet the maintenance of the orig- 
inal properties of the material is of even greater importance. 
Our recognition of this fact is evident in the safety factor 
used in every structure in which metallic materials are used. 
This safety factor attempts to allow for the variation of 


METALS AND ALLOYS 





















































— Room: ee ee a 














=a 


a oes 


b 


physical properties due to their normal variation in the 
routine manufacturing process and also for the deterioration 
of metallic equipment due to service conditions. In some 
cases the resistance to corrosion is the important factor. In 
any case it must be considered. 

Physical properties are easily determined, if we ignore 
certain controversies on short time tests, etc. The de- 
termination of what a material will do, however, under 
conditions of service, whether mild or severe, is far more 
difficult. This is attested by the many criticisms of the 
present accelerated methods of corrosion testing. The 
present status of corrosion testing will be discussed in a 
summary of the Symposium on Corrosion Testing by the 
American Society for Testing Materials in a later section of 
this review. Four papers dealing especially with corrosion 
are listed, those by Fenwick and Johnston'’, Speller?* and 
Aston?* covering theory, factors and experiences and the 
other by Kithr and Pfeiffer® who describe the sulphate re- 
duction process, particularly applicable to soils in The 
Netherlands, and also the requirements of coal tar and 

lt coatings for pipe. 


Chromium the Base of Corrosion- 
Resistant Steels 


: basis of modern corrosion-resistant steels is chromi- 


um Other elements when added to chromium add their 
pe irities to the resultant alloys but the fact remains that 
cl ium is the starting point from which corrosion- 
resisiant alloys are built up. The effect of increasing 
chromium is not linear. Under air oxidation conditions at, 
say. 1000 deg. C. there is a sharp break in the curve at 
4-6 per cent Cr and again at 18-20 per cent Cr while under 
con itions of corrosive crude oils at high temperature and 
pressure, there is a sharp decrease in corrosive attack up to 


2 per cent Cr after which the decrease is linear but slower. 
quality of stainlessness, which is “‘stainless’’ only as 





The Grand Staircase in Radio City Music Hall. An excellent ex- 
cellent example of permanence, beauty and dignity achieved through 


stainless trimming, 


regards certain media, does not develop until the range of 
12 to 14 per cent Cr is reached. The resistance of chromi- 
um steels is considered to be due to the character of the 
very thin oxide film existent on the surface of the metal. 
Even small percentages of chromium or of certain other 
elements such as copper modify the voluminous, loosely 
adherent rust coating formed on mild steel to a dense, 
tightly adherent rust coating that is definitely protective. 


Amphibian Airplane “Sea Bird” Built by Fleetwings, Inc. Stainless Steel. Used for Practically Every Part Except Motor 


and Wing Covers. Notice the exceptionally smooth, neat, rivetless construction made possible by the “shotweld” process. 





RIL: » RTP oe, es 



































The combination of other elements contributes to this effect 
and thus, industrially, we have a large number of low- 
alloyed steels on the market which contain various combina- 
tions of small amounts of chromium, nickel, silicon, man- 
ganese, vanadium, molybdenum and phosphorus, which of- 
fer certain advantages of improved physical properties and 
greater corrosion resistance over ordinary mild or structural 
carbon steel. These steels generally contain less than 2 
per cent Cr or of other individual alloying elements. They 
were reviewed in the March, 1936, issue of METALS AND 
ALLoys. Some additional data on such steels may be 
added. 


Use of Other Metals 


Beneficial results may be obtained by the use of other 
metals besides chromium. Pilling'** reports the data in 
Table II from a 11-year test on nickel-copper steel sheets 
exposed to various types of atmospheres. 


Table 11—Atmospheric Corrosion of 0.020 in. Thick Strip 


Life to first perforation in years 


Type Composition \icder Heavy 
ate In In 
( Ni tural Marine dustrial dustria 
Ingot iron 1.04 er ] ; Lo l 
Copper! steel... UU, { / see er lv } 
2% Ni-Cu steel 0.0; ( 1.39 over 1 ver 5 +.0 
4% Ni-Cu steel 0.1 118 2.7 over 1 over 5 6.0 1( 
6% Ni-Cu steel 08 1.8 4.2 over 1 5 8.0 over 1 


Notable progress has been made in the development of 
two types of heat-treated, low-carbon, nickel-molybdenum 
steels for oil well sucker rods, containing (1) 0.20 per cent 
C, 1.75 per cent Ni and 0.25 per cent Mo and (2) 0.05 
per cent C, 3.50 per cent Ni and 0.25 per cent Mo. These 
steels exhibit a much lower susceptibility to sulphide em 
brittlement and a high comparative resistance to corrosion 
and sulphide corrosion fatigue.'*> 

For high-pressure service, where resistance to shock and 
the decarburizing effect of hydrogen at high temperatures 
is required, good results are obtained with 1.50 to 2.75 per 
cent Cr and the addition of Mo and V.'* The addition of 
0.5 to 1 per cent each of Mo and Si to this chromium is 


Heat Exchanger Constructed of Stainless Tubes for Special Corrosive Service. 


used for higher high-temperature strength and better re 
sistance to oxidation.'*¢ 

The 4 to 6 per cent Cr steel with its properties modified 
by other elements, particularly 0.5 per cent Mo, has now be- 
come firmly established for use in ammonia plants, high- 
pressure steam service and in oil refining where it is used 
for oil still tubes, return bends, oil pump impellers, flow 
line headers, pipe fittings, and valve trim. The 4 to 6 
per cent Cr steel is subject to air-hardening thus handicap- 
ping its use for welding and fabricating. Air-hardening 
has been almost entirely eliminated by the addition of 


1S 


columbium or titanium or the addition of 1 per cent 


aluminum.! A steel containing 8 to 10 per cent Cr with 
Mo has been recently introduced. It has better cre p 
strength and non-scaling properties up to 1200 deg. F. and 
is reported to be better than 4 to 6 per cent Cr steel for hot 
oils and vapors.'* Another substitute for 4 to 6 per cent 
Cr steel where conditions are less severe with also less cost 
is a 3 per cent Cr—0.5 per cent Mo steel recently devel- 
oped." 

A special group of steels containing approximately 8 per 
cent Cr with several per cent of silicon, with or without 
aluminum, has found wide use as valve steels against « 
bustion gases.2° They are also used in automotive an 
plane engines, 


The Plain Chromium Steels 


The 11.5 to 14 per cent Cr group contains the or 
“stainless” steel which contained 13 per cent Cr and 
0.30 per cent C and required hardening and polis 
With carbon under 0.12 per cent this steel has a wide 
of physical properties which can be obtained by simp| 
treatment. It is used for steam and hydraulic ti € 
blades because of its high resistance to erosion and « 
tion. It is also used in the form of tubes, valves a: 
tings for high-pressure steam service. The addition 
to 3 per cent W to this steel raises the temperature at 


the alloy loses its temper from 750 to 900 deg. | \t 
1050 deg. F. the creep strength is increased ove: [ 


Stainle im) and heat-resis‘ing fea 71eS } 


ave the ideal choice for all tubular heat transfer equipment. 
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times Resistance to oxidation is increased. Up to 1500 
deg. F it was twice as good as the regular 18 and 8.'*4 
The 16 to 20 per cent Cr steel (0.12 per cent C max.) 
possesses increased corrosion and oxidation resistance with 
improved physical properties. It is fully resistant to nitric 
acid, and large tonnages have been used for such equipment 
as absorption towers, tanks, piping, fittings, heat exchang- 
ers, and retorts employed in the ammonia oxidation process. 
It is extensively used in the chemical industry. Its ductility 
after rolling can be increased by the addition of columbium 
and titanium. The addition of nitrogen produces a finer 
grained structure and retards grain growth at elevated tem- 
peratures, without detracting from its resistance to chemical 
yrrosion. The addition of 1 or 2 per cent Ni hardens and 
raises the strength of this steel when heat treated, making it 
itable for aircraft construction. Resistance to salt water 
ind non-oxidizing acids, such as hydrochloric, is improved 
the addition of silicon and copper.’* It is used in the 
per industry to resist the action of alum and sulphite 
juors and for equipment in the food industry where cor- 
ion is less severe but where cleanliness and freedom from 
allic contamination are most important. 
[he 25 per cent Cr steels not only have improved general 
rosion resistance but also are exceedingly resistant to 
ition at elevated temperatures. They are used in the 
lling of superheated steam and food products, and, in 
p: ticular, as furnace muffles, annealing boxes, and similar 
ications where temperatures are lower than about 900 
dc: C. The addition of nitrogen, especially in the pres- 
( of a small amount of nickel, to this analysis definitely 
s the grain, improves its shock resistance, and ma 
ly reduces the rate of grain growth at high tem- 
} tg 


An alloy containing 28 per cent Cr with over 
| »cr cent Si has been found to be very good for the man- 
uf. ture of high-purity phosphoric acid.'* A new alloy 
coriaining 35 per cent Cr and 7 per cent Al has been de- 
veloped which is good for continuous service at 2300 


> 182 


The Austenitic Group 


\bove the plain chromium steels is the austenitic group, 
the most popular member of which is the 18 and 8 Cr-Ni 
alloy. These steels have great general corrosion resistance 
and remarkable physical properties. They are readily 
rolled, fabricate without difficulty and, with columbium 
or titanium present, offer no difficulties in welding. Man- 
ganese has been used to replace the nickel in the 18 and 8 
composition. Where sulphurous gases are involved or 
where hydrogen sulphide or similar reducing acids are 
present in solution, manganese affords greater protection 
than nickel. On the other hand where chlorides and cer- 
tain organic acids must be resisted, nickel confers properties 
superior to those conferred by the manganese.*® 

Various combinations of chromium and nickel are used 
in the higher alloyed materials. Such analyses as 25-12, 
25-20, 30-25, 25-15, 35-18, also modified by the addition 
of other metals are used for special purposes. 


Alloys for Sulphite Pulp Industry 


The 20-10 Cr-Ni alloy has been found to be an excel- 
lent alloy for the sulphite pulp industry. Under these con- 
ditions its corrosion rate is only about one-sixth that of the 
regular 18 and 8 steel and approximately one-half that of 
the 18 and 8 steel containing 2 per cent Mo. In this ap- 
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Tanks for Processing a Highly Corrosive Embalming Agent Con 
taining Dissolved Gas under Pressure, Built Throughout of 18-8 
Stainless. 


plication cellulose products are being made which are 
practically free from metallic contamination.'%@ 


In the pulp and paper industry, Miller “ also reports as 
follows. “At present the most serviceable and popular 
alloys for castings are those containing about 28 per cent Cr 
and 10 per cent Ni plus (in some cases) 3 per cent Mo, 
and those containing about 20 per cent Cr, 10 per cent Ni, 
and 3 per cent Mo. In the wrought form the best all- 
round material is the alloy containing approximately 18 pet 
cent Cr, 8 per cent Ni, and 3 per cent Mo, although an 
alloy containing about 27 per cent Cr, 4.5 per cent Ni, and 
1.5 per cent Mo is coming into use, especially for piping, 
because of the difficuity of obtaining seamless tubes of the 
former -alloy, Cast pipe in long lengths of various com- 
positions is being produced by the flash butt welding of 
centrifugally cast tubes.” 


The 12.5-12.5 Cr-Ni steel provides superior corrosion 
resistance to the plain chromium steels together with great 
ductility, rendering it particularly suitable for cold working 
operations such as deep pressing.® 

The addition of Mo to 18 and 8 confers special acid- 
resisting properties, e.g., to acetic and sulphuric acids.® 

The 20-9-1.3 Cr-Ni-Ti steel was made to provide a ma- 
terial having a corrosion resistance comparable with that of 
the ordinary 18 and 8 steels but having in addition a high 
yield point. It thus provides a material of special value 
for turbine blading where high steam temperatures and 
pressures have to be met.° 

A particularly high resistance to sulphuric acid is given 
by a 14-18-4-4 Cr-Ni-Mo-Cu steel.® 

The 6-10 Cr 3-4 Si alloy possesses excellent resistance to 
oxidation up to a temperature of about 900 deg. C. but has 
no great mechanical strength at high temperatures, This 
steel is essentially used for internal combustion engine 
valves.® 

An idea of the corrosion-resistance of the various types 
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Two 600-Gal. Vacuum Holding Tanks Fabricated of 18-8 Stainless 
Steel for Use in Processing and Storing of Orange Juice in the Plant 


of a Leading California Producer. 


of alloys to many media is given by Critchett?® in Table III. 
This table is based largely on laboratory experiments per- 
formed in all parts of the world as they have been con- 
firmed by experience with actual plant installations, Hat- 
field’ and Norlin" also give British and Swedish experience 
with alloy steels. 


Resisting Stress at High 
Temperature 


The increase in working temperatures in high-pressure 
steam plant calls for materials capable of resisting stress 
at high temperatures, of retaining their strength for long 
periods, and of resisting chemical attack by air, flue 
gases and super-heated steam. Jenkins, Tapsell, Mellor and 
Johnson® report work carried out at the National Physical 
Laboratory on the effect of 0.5 and 1 per cent Mo on creep 


and on resistance to flue gas. These steels are markedly 
affected by heat treatment. The creep rate of a spheroidized 
steel with 0.11 per cent C and 0.52 per cent Mo at 550 deg. 
under a load of 20,000 Ibs. per sq. in. is 80 times that of 
the oil-quenched and tempered specimen. Heat treatment 
at 550 deg C. for four months before applying the load 
caused a slight improvement in resistance. With a steel] 
containing 0.4 per cent C, however, oil-quenching and tem- 
pering reduced the creep resistance below that of the air- 
cooled condition. Little difference was found in the rate 
of corrosion of the several steels in a synthetic flue gas con- 
taining 0.04 or 0.07 per cent sulphur dioxide, but the at- 
tack was much more rapid at 600 than at 500 deg. C. 
Super-heated steam also attacks all the steels at about the 
same rate. In both instances the texture of the scale pro- 
duced is an important factor. 

The use of high temperatures and pressures in chemical 
synthesis has been covered very comprehensively by Sarjant 
and Middleham.* At present the use of high pressures on 
the largest scale is in the production of synthetic ammonia 
and in the hydrogenation of coal and tars for the produc- 
tion of motor fuels. Besides the commercial development 
of high-pressure processes adapted to the fertilizer, oil, 
and coal industries, a vast amount of research is being 
devoted to the systematic study of organic chemical 
tions by this means. Practically all of these processes in- 
volve the exposure of the material to hydrogen at h 
temperatures and pressures. 


Metals Susceptible to Hydrogen 


Metals are susceptible to hydrogen diffusion and at |. gh 
er temperatures to hydrogen embrittlement or attack. Sar- 
jant and Middleham have assembled a summary he 
principal published results (on some 72 steels) in ‘ uf 
form. Their own experiments consisted of the expo of 


11 steels (all forged except steel G which was both {orged 
and cast) to hydrogen for 5400 hrs. at 325 deg. ©. and 
under 125 and 250 atmospheres pressure; 710 hrs. ai 450 
deg. C. and under 125 and 250 atms. pressure; 1,027 hrs. 
at 450 deg. C. and under 250 atms. pressure; and | ,048 





Table I1!1—Pure Media and Conditions for Practically Complete Corrosion Resistance of Various Low-Carbon Stainless Stee!s 


~— 
Conc., Temp. 
Media per cent ws 13 Cr 

SEED, 6 4G sas n 6 RSMO RR keds (than se CRORE 10 20 
OO Sere ep anne et ee 10 20 
ne ovens 46d6 SWE EOE Es a 6 bo ee ELETS CBC 10 20 
PL hc pace bas cdUwb oats odeddusbeee cea 10-50 20 
i. Ls pi ek bah ee bet baleehanee ed oe Glacial 20 
a ss 5 wh b.bs tna a 6080s 664A SEES ORR 10 100 
EES ere a ee oe 10 100 
PTS ee Para er eee ere 10 100 
EES a re eer rT ee ee 25 100 
Moh aii ode tide dpechehhes okeeebenw a 50 100 
eas a kd wd 60 ab 0b.0. 00h 0 0s SRE OT Oe Sat. 100 
Ne DO a ates os oe ks pease e AMS sae 1.2 d. 20 
ER AE ret Pee 30 20 
N.S Liiva an bb a.06 606d edn dt aes wees ts 30 20 
wah pedir s.od 06 d4640006-600Ns OS eRe ee 10 20 
ee ok Dd ek one bane ese eieebe Sat. 100 
IE 6 os bob con dhbwen dene te @ sine den General re 
EE od 69». 5 6-60 badd os ous 2 hee eae Under 900 
Mk. dt ok 5s 6 debs e+ ce 6euk eae ee eee 10 100 
MT. «beans » 6s vudes bAsaenae Ss Conc. 20 
PIED os buns 5 Chb4 $s 00 60's o bebe EES Above 900 
PPE TCT PeCTe eee Pres Under 900 
ES PE Cee re re Pe, 20 
Sulphur-compound gases ............eee8- Under 900 
|, + 9 ae rrr rr rere rr ee baton ahs 
EE I sa dn ovo detente ee kl whee (S) 20 
EE «66 at oh bb kbd 00s 0404.6 6h 08 AK 1.5 100 
Rn <evdeesth tad. cneue bets s 6o>s Ree 10 20 
NT. i cad, anu gins ade odie os wad eae - 20 
Furnace gases (reducing) ......... ces. ek 950 
Ee: INOUOND 04 ca wa bhwe caWbeccccdss ene 

Ee. a0 nkeh-e 4 bc eee ekhabbvsecoeten 2° aaa “es 
ee ee ees De Sei e aches Vad Low 20 


—EE —~ 





" FHA K KKK KKK KK 


— Percentage of alloying elements—— 


Cr-Mn-Cu Cr-Ni Cr-Ni Cr-Ni-Mo-Cu 

18 Cr 25 Cr 18-8-1 18-8 25-20 18-8-2.5-1.5 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x x 
x x x x x Xx 
x x x x x x 
x x x x x x 
x x x x x x 
x x eoce ecee x see 
x x x x x x 
x x x x x x 
x x tbe x soe 
x Leas io% x ee 
x x oes seas see 
sees x x x x 
x x x x 
x x x x 
. x x 
been x 
x 
x 
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hrs. at 550 deg. C. and under 125 and 250 atms. pressure 
with results as follows. 


Steel A (0.22% C steel) suffered severe intergranular 
cracking, even at the comparatively low temperature of 325 
deg. C. when the pressure of the hydrogen was 250 atms. 
At 125 atms. pressure the severity of the attack was definitely 
reduced. 

Steel B (2.5% Cr, 0.26% C) did not suffer hydrogen 
attack up to 550 deg. C. and under 125 atms. but it was 
seriously embrittled at this temperature and at 450 deg, C. 

Steel C (1% Cr, 0.21% V, 0.40% C) was not adversely 
affected at 325 deg. C. and 250 atms. At 550 deg. C. it 
was embrittled, but the effect of the hydrogen at this tem- 
perature in the experiments carried out at 125 atms. only 
amounted to slight partial decarbonization. 

Steel D (1.589% Cr, 1.15% Al, 0.23% Mo, 0.31% C) 
was unaffected by hydrogen, apart from slight decarboniza- 
tion, up to 550 deg. C. at 125 atms. possibly as a result of 
the aluminum content. It suffered little embrittlement from 
the effects of prolonged heating. Nitriding reduced the 

mount of decarbonization, but introduced a susceptibility 
‘o intergranular crackings. 

Steel E (2.31% Ni, 0.48% Cr, 0.93% Mo, 0.30% C) 

ider the higher pressure of 250 atms. showed only slight 

lrogen attack at 550 deg. C. which was confined to the 
rtions of the test vessel cold-worked by machining. Some 
airment of shock-resisting properties resulted, but the 
isure of this effect was probably not sufficient to render 
insuitable under these conditions for autoclave uses, where 

ection to shock is generally absent. At 750 deg. C. 

ogen attack was found to be severe. 

el F (0.32% Cu, 0,27% Cr, 0.84% Mo, 0.14% C) 

immune from any deterioration up to 550 deg. C. and 

r 250 atms. Short exposure to 750 deg. C. under the 

pressure however, produced serious intergranular 

King. 

-el G (6% Cr, 0.55% Mo, 0.24% C) was free from 
at'.k by hydrogen, but suffered embrittlement at 450 
an 550 deg. C. under 250 atms, pressure. The short ex- 
posure at 750 deg. C. had not caused hydrogen penetration 
an. restored the toughness lost during prolonged exposure 
at 450 deg. C. At 550 deg. C. the cast material did not 
suffer any loss of such toughness as it possessed initially. 

steel H (13% Cr, 0.12% C) was completely free from 
hydrogen attack under the most extreme conditions applied 
in these experiments, but suffered some slight embrittlement 
at 325 deg. C. and at 550 deg. C, 


The more highly alloyed austenitic steels I (18-8 Cr-Ni, 
0.12% C), J (18-8-2-0.6 Cr-Ni-Mo-Ti) and K (25-18-1.19- 
0.13 Cr-Ni-Mn-C) gave no indications of hydrogen attack 
or embrittlement in the range of temperatures and pres- 
sures employed. 


Corrosion Resistant Cast irons 


Three papers dealing specifically with cast irons, Pearce’, 
and Maxwell *”. ** cover the difficulties encountered with 
gray cast iron and the development of low-alloy, wear-re- 
sistant, high silicon, and austenitic cast irons. Low-alloy cast 
irons, widely used for caustic service, have the following 
compositions: (1) 3.5% C, 0.50% Si, 2% Ni, 0-0.30% 
Cr, 0.50% (2) 3.30% C, 0.70% Si, 1.50% 
0.60% Cr, 0.50% Mn. A cast iron for use in chemical 
manufacturing equipment in which the metal is exposed 
to abrasive wear has the composition 2.75-3.6% C, 4.40- 
4.6% Ni, 1.40-1.6% Cr, 0.50-1.5% Si, 0.20-0.7% Mn. 
For resistance to scaling in sulphurous atmospheres where 
the material is not subject to shock, a 4-5 per cent Si—2 per 
cent Cr alloy has been successfully used. The 13 to 16 
per cent Si cast iron, which has been used for resistance 
to sulphuric and nitric acid for many years, has been recent- 
ly improved by the addition of 3 to 4 per cent Mo and 0.25 
per cent Ni to increase its resistance to hydrochloric acid. 
The austenitic cast irons, of the type compositions given in 
Table IV28, are used for resistance to heat and corrosion. 
Such applications in chemical-process equipment as rotary 
and reciprocating pumps, valves, pipe lines, and reaction 
vessels operating on sulphuric acid mixtures, caustic and 
many salts. Under high temperatures the austenitic cast 
irons have shown excellent performance in resistance grids, 
coke-oven door frames, heat-treating stands in annealing 
furnaces, thermocouple sheaths, and similar applications. 


Table 1V—Composition of Austenitic Cast Irons 


Regular Ni-Resist 

Ni-Resist (copper-free) Nicrosilal Causal 
i ENA pee rss 12.0-15.0 15.0-20.0 18.0 18.0-21.0 
ge PE 1.25-4.0 2.50. (max.) 2.0 1.5 
2 dee ss 6 64 datekc’ 2.75-3.1 2.0-2.3 1.8 2.3 
NS is adden era's sae ws 1.5-2.0 0.6-2 2 0 6.0 2.2 
Manganese ......500. 1.0-1.5 1.0-1, 1.0 1.10 
SEY Din 5.46 woe 608 ne). ~exeks vee 4.5 
BUM 4s b60 Fivica cone Ra  senwen one 0.05 (max.) 


Other installments of this valuable correlated abstract 


will appear in later issues, dealing with other phases and 
fields. —EbITOoR. 
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TATISTICAL INVESTIGATION OF WATER con- 

ditions existing in boilers suffering intercrystalline 

cracking, and early experimental work indicated that 
this type of failure was primarily caused by sodium hy- 
droxide. Further study over a period of years brought 
forth a number of facts and results that could not be ex- 
plained by this relatively simple conception, and finally 
led to the discovery that at 250 deg. C. very small amounts 
of sodium silicate in the sodium hydroxide greatly in- 
fluenced the cracking. As a result of this discovery, a 
tendency existed to make the tacit assumption that the 
action of sodium hydroxide-sodium silicate or very similar 
solutions would serve to explain the production of inter- 


Fig. 1.—Tubular, 
Concentric Ground 
Specimen Made of 
Boiler Flange Ste el, 
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crystalline cracks under all conditions, and complet 


ploration of their attack would make it possible 
relate all the experimental facts. 
This viewpoint again appears to be too simple 


experimental results in this paper indicate that the c: 


depends to a marked extent on the surface conditio 
duced on the steel and may, therefore, be influence 
many factors as encountered in the corrosion of st 
has been found that intercrystalline cracking can 

duced in sodium hydroxide solutions containing a 

of substances other than sodium silicate, and more: 
the particular agent which must be added to the 

hydroxide depends on the temperature and condi 
the test. Certain chemicals may be substituted 

sodium hydroxide itself, such as sodium nitrate, or s 
enough, a dilute nitric acid solution. 

This discussion treats: First, tension tests in so 
droxide solutions at 250 deg C.; second, interc: 
cracking in sodium nitrate solutions; third, inter: 
cracking in sodium hydroxide solutions; fourt! 
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It Cracks Produced in Concentric Ground Boiler Flange Steel Specimens by Sodium Hydroxide-Sodium Silicate 
and Sodium Hydroxide-Antimony Chloride (right) Solutions at 250 deg. C. Both etched with 1 per cent nital. 
‘i Magnification 500 X. 
er 
Solution g./100 g. H2O Solution 100 g. H2O 
at Mae .. .ccecchicscvesand dese 25 NAOH .ncccescncvcee 2 
m PRMIUEIN aigiz eo vicpntawsd obese 0.32 ee wdectueds : , ben eae 2.0 
of PROG: cwkie vey os2etusend eed aan 0.3 Oe ee eT ee 8 
ne 
ly cryst. |ine cracking in nitric acid solutions, and finally, the to 50,000 Ib. per sq. in., by the action of sodium hydroxide- 
con ons expressing a viewpoint which seems to correlate sodium silicate solutions. The specimen made of boiler 


information now available on this type of failure. 


Hydroxide Solutions 


A series of tests carried out at 250 deg C. have indi- 
cated that the load carrying ability of the concentric ground 


’ z bes 
ne 
nh ° ° ° 
i Tension Tests in Sodium 
| 


‘ specimen shown in Fig. 1 could be reduced from 75,000 
Fig "U” Bend Specimen Ready for Immersion in the 
Solution, 


sion 


| pec- 
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flange steel is tubular, closed at the top and held in the 
bomb as shown in Fig. 2. The tensile load is applied by a 
push rod passing up through the center and connecting 
to an accurate weight and lever system. The equipment, 
the steel used, procedure and results of these tests have 
already been described in two papers.’ * 

The results in Table I show that either titanium oxide, 
germanium oxide, or antimony salts may be substituted for 
sodium silicate to produce cracking of the steel. The 
titanium oxide lowered the load carrying ability of the 
concentric ground specimens almost as much as sodium 
silicate; the antimony oxide produced failure at 65,000 Ib. 
per sq. in., and, while the germanium oxide did not produce 
failure of the steel, definite cracking was evident. The 
solubility of titanium oxide may be very low, but a suf- 
ficient concentration was attained in the solution to decrease 
the load carrying ability. Spectrographic analysis of this 
oxide indicated only a trace of silica. 

Fig. 3 compares the cracks produced in sodium hy- 
droxide-sodium silicate solutions with those produced in 
sodium hydroxide-antimony chloride solution. The speci- 
mens were etched quite deeply to indicate the position of 
the cracks with respect to the grain boundaries. The cracks 
run vertically through the pictures, following the boun- 
daries in some cases but cutting across through pearlite and 
into ferrite grains in others. The cracks in the antimony 
solution are somewhat narrower than those in the sodium 
silicate but this is largely a result of the area selected for 
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Magnification 500 X ; 
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: 
Fig. 5.—Intercrystalline Cracks Found k 
in Test Bomb. Photomicrographs at % 
left are unetched; the two at right ate : 

etched with 1 per cent nital. ' 













Magnification 1000 X. 














Fig. 6.- -Intercrystalline Cracks Produced in Cold Rolled and Boiler Flange Steel by Nitrate-Manganese Solutions: All 
magnifications 500 X. The ones at left are unetched, and those at right etched with nital. Cold rolled steel at top and 


boiler flange steel at bottom. Test solution contained 120 g. NaNO, and 0.3 g. MnCl, per 100 g. H,O. 
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Table 1.—Failure of Concentric Ground Specimens in Sodium 
Hydroxide Solutions Containing Titanium Oxide, Germanium 
Oxide, or Antimony Salts 


Baker’s Chemically Pure Sodium 
Hydroxide. Temperature 250°C, 
g./100 g. H,O 


Specimens of Boiler Flange Steel. 
All loads applied at 250°C, 


Load ————- ———-~, No 

Snecimen Ib. per Added Failure Failure 
Number _ sq. in. NaOH NaCl Comp. Conc. hrs. Days 

18.16 70,000 25 od TiO, 1(a@) 96 ee 

18.20 60,000 25 0.5 TiOs 1 176(0) 

18.23 55,000 25 0.5 TiO, 0.5 186(0)  .. 

18.26 50,000 25 0.3 TiO2 Si weed | .chwees 31 

29.27 60,000 25 0.3 GeO. SS Slee ASS 15(d) 

29.28 65,000 25 0.3 Sb20s3 0.32 81(b) es 

29.29 60,000 25 4.8 SbCls Bs. > ee ened 10(¢@) 

(@) Solubility of titanium oxide in sodium hydroxide unknown. 

(>) Failure at shoulder of specimen. 

(¢) Bomb rotated at 250°C. before test to insure saturation with TiQg. 


(d) Microscopic examination indicated intercrystalline cracks, 









Microscopic study indicates that these solu- 


photography. 
tions, under the exisitng experimental conditions, produce 
quite similar cracking which is by no means completely in- 
tercrystalline. 

In these tension tests the steel is under relatively high 
stress and as soon as some grain boundaries have been pen- 
etrated, failure in the remaining sound steel tends to occur 


in a normal, transcrystalline manner. It is now believed 
that the high stress accounts for the type of failure shown 
in Fig. 3 and the difference between this cracking and that 
shown in the following sections of the paper may be due 
more to the mechanical difference in method of loading 
than to any essential difference in type of chemical action. 


Intercrystalline Cracking in Sodium 
Nitrate Solutions 


For a number of years it has been known that intercrys- 
talline cracking could be produced in solutions containing 
high concentrations of sodium nitrate as well as those con- 
taining sodium hydroxide. German investigators* have 
recently reported the rapid intercrystalline cracking of steel 
in hot nitrate solutions, and apparently have not encoun- 
tered difficulty in producing this type of failure. 

Four tension tests at 250 deg. C. with sodium nitrate 
solutions, as shown in Table II, did not result in failure. 
The sodium chloride was added because it has generally 
been found to accelerate the solution attack. The seven 
U-bend tests in Table III with sodium nitrate from three 
different sources did not cause cracking of the steel. These 
results are not in agreement with those reported in the lit- 
erature* or with recent German investigations, 


The U-bend specimens for the tests in Table III were 
made of cold rolled (S.A.E. 1020) strip steel. They were 
flat bars 14 x Y, in., bent around rods of varicas di- 
ameters up to 214 in., and drawn together by a bolt and 
wing nut to retain as high an elastic stress in the steel as 
possible. Fig. 4 is a picture of one of the U-bend speci- 
mens ready for immersion. At least two of these speci- 
mens were used in each test. The solutions were kept 





Table I1.—Resistance of Concentric Ground Specimens to Fail- 
ure in Sodium Nitrate Solutions. 


Specimers of Boiler Flange Steel. 
All loads applied at 250°C, 


Temperature 250°C, 
g./100 g. HsO 
ee 





Specimen Load, Ib. cr ~ _ No 
Number per sq. in. NaNOs NaCl Failure Days 
7.13 70,000 34 0.5 10 
7.11 60,000 34 0.5 10 
18.2 60,000 50 0.5 10 
18.8 60,000 120 0.5 10 
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boiling under condensers at atmospheric pressure and loss 
of water through vaporization normally varied from 0 to 
about 5 per cent each 12 hours. This loss was made up 
by the addition of distilled water twice a day. The s0- 
lutions containing 25, 50, and 100 grams of sodium hy- 
droxide per 100 grams of water had approximate boiling 
points of 109, 120, and 146 deg. C., respectively. 

At this stage in the experimental work one of the bombs 
shown in Fig. 2 was found cracked from a point two or 
three threads below the seat on the large nut to the top of 
the solution level. The crack had penetrated to a uniform 
depth of about 13/32 in. through its entire length, indi- 
cating that the concentration of stress near the bottom seat 
was not of importance in its propagation. The stress in 





Table I11.—Resistance of ‘‘U” Bend Specimens to Cracking in 
Boiling Sodium Nitrate Solutions. 


Temperature 100-110°C. 


Specimens of Cold Rolled Steel(a) 
N 


g./100 g. HeO No 

“ ~~ 2 C1 ack 
NaNOs Days 

60 ree Fee NE Te ee CS Pe Poe 3 

100 TaVmCer! 2: . ens s oiea ae tate. Rees 

120 Goma”... Oe ce eeelhs vs babe ebeeeec ue 

120 Cee: “i 6 Saeblebink’s{s 0% oe ee eee eee 
re Gee: Go | aces daebin nee 6 cae edn os ee 

100 RNID og ct Or og wind sig c aly BE mene es 

120 OS. | ences cee eeenaabereses baweedaae 





(@) In all tables S.A.E. steel 1020 is indicated. 
(b) C. P.—Baker’s chemically pure sodium nitrate. 
(c) Chile Saltpetre—imported. 

(d) Grasselli nitrate—commercial. 





the metal due to steam pressure was well below 100° Jb. 
per sq. in. The authors believe that this failure pro» bly 
occurred at an applied stress below two or three thow..nd 
pounds per square inch, although the internal st: in 
the metal may have been high. 

The bomb was bored on a lathe from a hot rolle bar 
of low carbon steel secured from a commercial ware’ Suse 
supplying bar stock. 

This failure was of great interest, especially in vi: v of 
the lack of agreement existing in the experimental | sults 
with the nitrate solutions, and it was subjected to ful 


metallographic examination. The photomicrographs in 





Table 1V.—Rapid Cracking of ‘‘U’’ Bend Specimens in Boil- 
ing Nitrate-Manganese Solutions. 








Raker’s Chemically Pure Sodium Nitrate. Specimens of Cold Rolled Steel, 
g./100 g. HO 
¢ A ™~ 
Added Manga- Crack 
NaNOs NaCl nese Salt Cone. Days 
120(@) o% MnSO« Small amount Y% 
120 1.0 MnSO«4 0.4 1 
120 1.0 MnSO, 0.4 1 
120 ae MnSO. 0.4 1 
120 1.0 MnSO,4 0.4 1(b) 
120 1.0 MnSO,4 0.4 i(c) 
120 1.0 MnSO« 0.4 1(d) 
120 ** MnCl, 0.4 1 
50 “y MnCl 0.2 3 
25 0.3 MnCl, 0.3 No cracks 
25 0.3 MnCl 3.0 No cracks 
50 re KMnO. 0.25 1 
120 ‘a MnCh 0.02 9(e) 
(a4) Chile Saltpetre, 
° Specimen made of boiler flange steel 4%” thick. 
(¢) No applied stress-cracks appeared on inside of bend. this 
n 


(d) Cold rolled, annealed, and polished specimens all broken i 


st. 
(e) Only one specimen cracked. 





Fig. 5 are cross sections of the crack at three different mag- 
nifications in the unetched and etched condition. The 
etched sections show 100 per cent intercrystalline cracking 
and this was also true of all the other areas studied under 
the microscope. The crack is definitely more intercrystal- 
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line than those in Fig. 3 or any cracks that have been re- 
ported in pure sodium hydroxide-sodium silicate solutions. 
The absence of high applied stress may explain the devel- 
opment of these cracks in a completely intercrystalline 
manner. The width of the fine cracks have been estimated 
at 5 or 10 one-millionths of an inch from the photomicro- 
graph at 1000 X. 

It was at first believed that this failure was due to sodium 
hydroxide, but the last 10 or 12 tests in the bomb were 
made with a sodium nitrate solution and it will be shown 
later that either the hydroxide or nitrate or mixtures of 
the two may have been responsible. 

The peculiar intercrystalline nature of these cracks, the 
fact that it had not been found possible to exactly repro- 
duce them experimentally in any solution, and the dis- 
crepancies still existing in the work of various investigators 
resulted in a further intensive study of the action of both 
sodium nitrate and sodium hydroxide solutions. 

Additions of ferrous sulphate, uranium acetate, cerium 
oxide, sodium chromate and copper sulphate to boiling 
concentrated sodium nitrate solutions did not produce 
crocking of U-bend specimens. When a trace of manganous 
su'phate was added, the first specimen in Table IV was 


crs ked almost through in many places in 5 or 6 hrs. The 
re aining tests in Table IV show that manganous sulphate 
o: hloride or potassium permanganate could be added to 
th. sodium nitrate to produce cracking. Fifty grams of 
so. im nitrate per 100 grams of water cracked the steel, 
bu 25 grams did not. The last test indicates that decreas- 
in: he manganous chloride content to 0.02 gram per 100 
gr .s of water increased the time required for failure 
fro. less than 1 to 9 days. In this test only one of the two 
S| ens was cracked, whereas in all the other tests both 
spe mens were cracked. Specimens of cold rolled, cold 
rol! i annealed and boiler flange steel all developed fissures 
anc. made little difference whether the surface of the cold 
rol/.4 steel was machined, left as rolled, or polished with 


No. 00 emery cloth. 

tis. 6 contains four photomicrographs of cracks pro- 
duced in sodium nitrate solutions in cold rolled and boiler 
flange steel. They are completely intercrystalline and com- 


parison with Fig. 5 indicates no difference from those found 
in the bomb. 


Fig. 7 is a picture of one of the specimens used in the 
sixth test in Table IV. It was made of cold rolled steel 
bent to a short radius. The ends were not pulled together 
by a bolt and no external load was applied in any way 
so that all the stress that the steel suffered must be internal, 
resulting from cold work, manufacture, or heat treatment. 
After boiling in the solution for three days it was badly 
cracked; not on the outside, but on the inside of the bend, 
the cracks extending some distance down the sides as shown 
in Fig. 7. They were completely intercrystalline and normal 
to the edge of the specimen at the center of the radius, 
changing gradually to about a 30-degree angle with re- 
spect to the edge as they moved down the side. 


It may at first appear that the inside of the bend was 
under compressive stress and that the cracking did not oc- 
cur in the area of the specimen under tension. This may 
not, however, be the case, for after the load that was ap- 
plied to produce bending was released, the reacting forces 
in the steel would probably tend to produce an internal 


tensile stress on the inside of the bend and a compressive 
stress on the outside. 
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Fig. 7—"U” Bend Specimen of Cold-Rolled Steel Cracked 
on Inside of Bend without Applied Stress. 


The failure of this specimen adequately demonstrates that 
intercrystalline cracking can occur whether the steel is 
under applied external stress above the yield point or not. 
Internal stress resulting from cold work or other treatment 
may cause rapid cracking in the complete absence of ex- 
ternal forces. 

The concentrated sodium nitrate solutions used in these 
tests do not discolor or change the visual appearance of the 
surface of the steel at all, yet within one day they can crack 
through a 14 or 5/16-in, section in several places. Prelim- 
inary tests indicate that these nitrate-manganese solutions 
cause a considerable increase in the manganese content at 
the surface of the steel but this fact must be investigated 
further. Manganese compounds are not the only ones that 
will produce cracking in the sodium nitrate solutions for 
the addition of titanium chloride to a nitrate solution pro- 
duced a similar result in about 6 days. Further study may 
reveal other compounds that exert the same influence. 

The rapid intercrystalline cracking produced in these U- 
bend specimens should eliminate the belief that fatigue or 
corrosion fatigue is a necessary factor in this type of failure. 
Repeated stress may accelerate the ultimate parting of the 
metal, but cracking will readily occur in its entire absence. 


Fig. 8.—"'U” Bend Specimen of Boiler Flange Steel Broken 
in One Day by Nitrate-Manganese Solution. 


Pe oh hn Ee 
- eee 
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Fig. 9.—Intercrystalline Cracks Produced in a ““U” Bend Specimen of Boiler Flange Steel by a Sodium Hyd) 
Sodium Nitrate Solution, 


Solution 


g./100 g. H20 


50 


Both are at magnification of 500 X. The one at left was unetched and the other was etched with nital. 


Fig. 8 shows two views of a U-bend specimen made of 
boiler flange steel that cracked entirely through a 5/16-in. 
section within one day. The specimen is shown just as it 
was removed from the solution. 

These U-bend tests make an excellent, simple demon- 
stration of the rapid damage which intercrystalline attack 
can produce in a steel specimen. To those people who do 
not believe that this form of solution action on the metal 
is serious the authors would suggest the following ex- 
periment: 

Bend a 1/, by 14-in. bar of cold rolled (S.A.E. 1020) 
steel into a ‘““U”’ on a bar 21% in. in diameter and draw the 
ends together about 1 in. with a bolt as shown in Fig. 4. 
Put two of these specimens in a beaker with 300 c.c. of a 
solution containing 120 grams of NaNO, and 0.2 gram of 
MnCl, per 100 grams of water. The top of the beaker 
should then be closed with a very large rubber stopper 
that does not touch the solution and that is connected to a 
condenser. With the solution boiling slowly the specimens 
should be cracked in many places within 48 hours. 


Intercrystalline Cracking in Sodium 
Hydroxide Solutions 


The interesting results, secured in the concentrated so- 
dium nitrate solutions after the addition of manganese salts 
had been found to cause intercrystalline cracking, led to 
further investigation to produce similar damage in U-bend 
specimens in sodium hydroxide solutions. 
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It has been indicated in this report that sodium | )X- 
ide-sodium siicate solutions have not yet been fo to 
cause intercrystalline cracking exactly similar to that wn 
in Figs. 5 and 6. Table V shows a series of tests with 


U-bend specimens in boiling sodium hydroxide and 
sodium hydroxide-sodium silicate solutions that did 
not produce cracking of any kind. In 1921 Jones‘ re- 


Table V.—Resistance of ‘‘U’’ Bend Specimens to Cracking in 
Boiling Sodium Hydroxide-Sodium Silicate Solutions. 


Technical Sodium HEydroxide(@). Specimens of Cold Rolled Steel. 

g./100 g. H,O ‘Oo 

— . Crack 

NaOH NaSiOs Vays 
25 Be. eaves hatha asia exe deere eae 
50 eh TT eT ETE CET 
100 vd. “eile nerdiehactehecesdialalereeeet ] 
25 0.5 Weer seyret Ce Peer eye gee er 
50 ae. . <wweeueluaks ae hans Oe eedeneahacsie aa 6 
50) C0 © sare ORME SS O40 95 S00 Cer Oe eee 
50 SF, Sees ee ee eee 6 
50 Be 0 "eddies crantns Cewane 06) caceeee 6 
50 | ee ee ce re 6 
100 1.0 ides wage baa waka tk ce es cee ee eee - 7 
100 SR ae sy de ov hon. alee iaagsedeyes 7 





(a) Flake caustic furnished by Hooker Chemical Co. 


ported and showed pictures of completely intercrystalline 
cracks produced in steel by solutions of potassium 
hydroxide, and similar results have been reported at various 
times since 1921. The purity of the solutions used in these 
tests is not known, but at the present time the results in 
Table V indicate that if impurity was present it may have 
been something other than sodium silicate. 
Since manganese chloride had been of such vital im- 
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Fig. 10.—"U” Bend Specimen of Cold Rolled Steel Broken 
in Sodium Hydroxide-Sodium Nitrate Solution. 


Solution g./100 g. H20 
ee sooty nls eed NO KS 40 
SE 5 'o. 5 see Rocea vidoe eehue 0.2 
WE. nn 0 eae Gbbuss sa Senne 0.2 


portance in the action of the nitrate solutions it was added 
to the alkaline solutions in Table VI but cracking was not 
produced. 

: solubility of manganous hydroxide in terms of the 
chicride in these boiling alkaline solutions is approximately 
as LOWS: 


NaOH/100_ g.H:O 


___8&-MnCL:/100 g.H:O 


50 Kap 0.2 
100 1.0 
Thi. would seem to be sufficient to exert some influence 


Tabi V1.—Resistance of ‘‘U’’ Bend Specimens to Cracking in 
Bo ing Sodium Hydroxide-Manganese Chloride Solutions. 


Tec! | Sodium Hydroxide. 





g./100 g. H2O N 
a —~ Crack 
H MnCl NaS NazSiOg Days 
0.1 “~ i. - +ecbes 6 0ss ded do 9 
mr | we 3 kl eee eee ca 9 
1,0(@) De lnm +c Oh Reb aes ene 9 
0.2 | Re oo 9 
0.2 0.2 8 eS ey eee eee 9 
1.0 ia 3 gab CpewaceWeccoseee 9 
1.0 Be A Ok ee ea ee ee 9 


(a mount added—this exceeds solubility. 


if the manganese could produce the same action it does 
in the nitrate solutions. 

The U-bend specimens were first cracked in seven days 
in sodium hydroxide solutions containing potassium per- 
manganate. Table VII shows that the cracks could be 
produced in technical or chemically pure sodium hydroxide 
in a concentration of 50 grams per 100 grams of water in 
the presence of the permanganate. Increase in sodium 
Silicate and increase or decrease in sodium hydroxide con- 
centration tended to stop cracking. 

The permanganate may have produced its influence either 
through oxidizing power or through the presence of the 
manganese. In the tests in Table VIII, sodium nitrate, a 
weak oxidizing agent was substituted for potassium per- 
manganate, and intercrystalline cracking was readily pro- 
duced in 3 to 7 days. High sodium silicate or appreciable 
quantities of manganous chloride tended to stop cracking. 
Fig. 9 shows that the cracks produced in the sodium 
hydroxide-sodium nitrate solution were 100 percent inter- 
crystalline, and this was also true of the sodium hyproxide- 
potassium permanganate solutions. 

During the tests the permanganate color disappeared, 
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Specimens of Cold Rolled Steel. 
re) 


Table Vil.—Cracking of “‘U’’ Bend Specimens in Boiling 
Sodium Hydroxide Potassium Permanganate Solutions. 
Technical Sodium Hydroxide. 
g./100 g. HO 
eS 


Specimens of Cold Rolled Steel. 
No 
—-— Crack Crack 


a a 

NaOH KMnO« Na2SiOs Days Days 
25 0.2 Dak, “eae. seeen ae a 7 
50 ae eee CS Ps RG aon swine ee 7 sé 
50(a) 0.2 ie. . 1b puke hte eee 7 ee 
50 0.2 Bete) isc ceed nar dc 7 “s 
50 0.2 GOB  <seceveccones 7 a 
50 0.2 man. geavsawwedio’s 7 oe 
50 0.2 MUS Ss Dee Ga ee we a 7 
100 0,2 Gn — |: skbean erecte 7 


(@) Baker’s chemically pure sodium hydroxide. 
(b) Surface covered with very fine cracks. 


probably indicating reduction to a manganic or manganous 
form. At the end of the nitrate tests, the solutions con- 
tained considerable amounts of both nitrate and nitrite. 

The cracks in the boiler flange steel specimens developed 
mainly on the edge that was left covered with mill scale. 
This may indicate an intensification of stress or electro- 
chemical attack due to the presence of the thick oxide 
coating. 

Table [IX shows that sodium nitrate concentrations from 
0.2 to 1.0 gram per 100 grams of water were most effective 


Table VIII.—Cracking of ‘“‘U’’ Bend Specimens in Boiling 
Sodium Hydroxide-Sodium Nitrate Solutions. 


Technica! Sodium Hydroxide. Specimens of Cold Rolled Steel. 





g./100 g. H20 No 

—-- —____—_—— —_——_—_— Crack Crack 

NaOH NaNOs NaeSiOs MnCle Days Days 
50 0.2 : ie 3 as 
50 0.2(@) ; ws 8 ee 
50 0.2 0.2 i 7 es 
50 0.2 0.2 ‘ 6 ee 
50 0.5 0.2 5 3-7 os 
50 0.2 0.5 ‘i oa 7 
40 0.02 0.2 >0.01 - 6 
40 0.2 0.2 >0.01 4 es 
50 0.2 0.2 0.01 7 
50 0.2 0.2 0.1 7 
100 0.2 0.4 iia 7 


(a) Specimens of boiler flange steel. Solution also contained 0.2 g. 
NaCl per 100 g. H2O. 


in causing cracking in 50 grams of sodium hydroxide per 
100 grains of water. Three concentrations of sodium ni- 
trate did mot cause cracking in 25 grams of sodium 
hydroxide per 100 grams of water. 

Fig. 10 shows the extensive cracking caused in the U- 
bend specimens by the sodium hydroxide-sodium nitrate 
solutions. , The position of the crack is outlined by the 
deposit of sodium carbonate resulting from the reaction of 
the sodium hydroxide, as it seeps out of the fissure, with 
the carbon dioxide of the air. Some of the fine cracks may 
also be seen. 

Addition of other substances mainly unstable oxidizing 
agents such as sodium peroxide, sodium persulphate and 
sodium nitrite, to concentrated sodium hydroxide solutions 
did not produce cracking. A sodium hydroxide solution 
containing a small amount of sodium chromate did cause 
cracking. 

The addition of a small amount of lead oxide (litharge) 
to the sodium hydroxide solutions has been found extreme- 
ly effective in cracking the U-bend specimens. The results 


Table 1X.—Influence of Concentration on the Cracking of “‘U”’ 
Bend Specimens in Sodium Hydroxide-Sodium Nitrate Solutions. 


Technical Sodium Hvdroxide. 


Specimens of Cold Rolled Steel. 
g-/100 g. H:0 Ne 


) 


c-cs——_axeo“r Crack Crack 

NaOH NaNO; NaCl Days Days 
50 0.05 oa. eee babeteoss aw 7 
50 0.2 ca) |. Seeehne sade 3 os 
50 1.0 S Segre ere Pe 5 in 
50 5.0 ‘iat 0 epeesasbeed ° 7 
25 ae. => phn febesvatarGes ee 7 
25 Rig ee ee te eae 7 
25 0.5 +s aekuseienes ° ° 7 
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Intercrystalline Cracks Produced in a ““U” Bend Specimen of Cold-Rolled Steel by a Nitric Acid-Man 
Chloride Solution. 





g./100 g. H2O 


cooseccce 0.9 
TETTTe rT 0.05 


Both are at a magnification of 500 X. The one at left was unetched and the other was etched with nital. 


in Table X show cracking with the proper concentration of 
lead oxide in 50 and 100 grams of sodium hydroxide per 
100 grams of water. These specimens were badly cracked 
in 1 to 2 days, whereas those in the sodium hydroxide- 
sodium nitrate solutions required 3 to 7 days. The sodium 
hydroxide-lead oxide solutions produce cracking almost as 
quickly as sodium nitrate-manganous chloride solutions, and 
in one respect are even more damaging since they pene- 
trate the steel in many more places during the test. 

Two specimens bent as shown in Fig. 4 but without the 
bolt and wing nut to create an applied load have been tested 
in sodium hydroxide-lead oxide solutions. Both speci- 
mens were cracked on the inside of the bend in much the 
same way as the specimen shown in Fig. 7. The radius of 
the bend as indicated by the figures, was much larger in 
these last two tests and after six days boiling the cracks had 
reached a depth of about 1/16 in. They extended down 
the legs to about an inch from the end of the specimen. 


Table X.—Cracking of ‘““U"’ Bend Specimens in Boiling Sodium 
Hydroxide-Lead Oxide Solutions. 


Technical Sodium Hydroxide, 


Specimens of Cold Rolled Steel. 
g./100 g. H2O N 


re) 
Crack Crack 





peers 
NaOH NaCl PbO Days Days 
25 0.2 | reo ee és 6 
25 0.2 | I ey ee 6 7 
50 0.2 J 7 ey ar 7 
50 0.2 OR i ae ees a 7 
50 0.2 aa .  SebewwSesedes 2 06 
50 0.2 ak. - ¢e¢eeadeecee 2 
50 0.2 ert: — wee cetevetione 1 
50 0.2 ae: | ewbheveseenes 6 
100 0.2 ae. peewee debores 2 


In a recent report by Berk and Schroeder® a theor’ was 
offered to explain the production of intercrystalline ks. 
The mechanism involved covering the steel with a pro- 
tective layer that was not sufficiently continuous to picvent 
the solution from attacking the grain boundaries, Such a 
coating might also be cathodic to the exposed or anodic 
grain boundaries and electrochemical action would ac- 
celerate the intercrystalline attack. In sodium hydroxide- 
sodium silicate solutions the silica has actually been found 
to deposit on the surface of the steel at 250 deg. C. A so- 
lution that will cause intercrystalline cracking at this tem- 
perature will not necessarily produce the same effect at 
some different temperature since either the sodium silicate 
may change its film forming characteristics or the corrosive 
attack of the sodium hydroxide may change. 

Similarly the sodium hydroxide-sodium nitrate or other 
alkaline solutions that cause cracking while boiling at 124 
deg. C. will not necessarily do so at 250 deg. C. This has 
actually been found to be the case, not only alkaline solu- 
tions but also the nitrate-manganese solutions fail to pro- 


Table X!.—Cracking of “‘U’’ Bend Specimens in Hot Nitric 
Acid Solutions. 


Temperature 70-80°C. Specimens of Cold Rolled Stee! 


g./100 g. H20 
HNOs(a) MnCh Crack Days 
0.9 | See, errr) 9 
0.4 ROD enaccsenvesobaseses .seeeenee 9 
0.2 Oe Adolcaad602 ba tendevereutanmeeve 15 
0.2 Gee cosbdead de cocdheesdbueceeens eee 12 





(a) Concentration at start of test. 
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duce cracking of mild steel at the higher temperatures. In 
fact, from results previously reported? oxidizing agents such 
as nitrate in sufficient concentration have been found to 

revent cracking of tension specimens in the sodium hy- 
droxide-sodium silicate solutions at 250 deg. C. The dif- 
ference in action of the nitrate at the two temperatures is 
most probably due to a change in the oxidizing power 
which it exerts on the steel surface. 

At the atmospheric boiling point, only certain concentra- 
tions of nitrate in the sodium hydroxide will produce 
cracking, and increase in nitrate concentration with con- 
stant sodium hydroxide above a certain limit will stop this 
effect. This again may mean that the higher concentra- 
tions form a film which is too continuous to allow attack. 

[his explanation of the production of intercrystalline 
cracks on the basis of a non-continuous film seems to fit 
the observed facts quite well, but it should be subjected to 
amplification and modification with further experimental 
work. It also indicates that it may be possible to produce 
intercrystalline cracking with a pure solution such as sodium 
roxide, or sodium nitrate, if the concentration and tem- 
perature can be adjusted to maintain some corrosive action, 
ari] yet only partially cover the surface of the steel. Pre- 
liminary results now available, indicate that it is possible 
to jo this at 150 deg. C. with sodium hydroxide. Such 
an idjustment would probably be quite critical and can be 
mc e easily attained by adding a second component to the 
so! ion and for that reason we find intercrystalline cracks 
occ rring most frequently in a solution containing two sub- 
stances, 


— 


In ercrystalline Cracking in 
Nitric Acid 


it is believed that intercrystalline cracking is produced 
by © corroding solution acting through a film which tends to 
cover the crystal faces, it should be possible to produce this 
type of failure under some conditions with an acid solution. 
Tab.c XI shows that this can actually be done in very dilute 
nitric acid containing manganous chloride. Fig. 11 shows 
that the cracks resulting from these solutions are complete- 
ly intercrystalline. 

The tests were conducted with U-bend specimens in 
beakers covered with watch glasses on a hot plate at 70 to 
80 deg. C. Loss of solution was made up by the addition 
of distilled water. Due to variation in test temperature, 
solution concentration, and oxygen taken up from the air, 
and added water, the results were not altogether reproduc- 
ible. No difficulty was encountered, however, in obtaining 
cracks in at least one specimen in each series of tests. 

The values in Table XI give the acid concentration at the 
start the test, the lowest values correspond to approxi- 
mately 2000 parts per million of HNO,. Due to the re- 
action with the steel specimen the concentration decreased 
during the test, usually reaching a pH value from 3 to 5 at 
the end. Visual observation would lead to the belief that 
most of the cracking occurred during the last part of the 
test, when the acid concentration was very low. 

These experiments led to some very interesting possi- 
bilities. If intercrystalline cracking can be produced in a 
solution with a pH somewhat below 7, could it possibly be 
produced in a solution whose pH is between 8 and 13? The 
alkaline solution is less corrosive than the acid but the 
sodium nitrate-manganese chloride mixtures that so rapidly 
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cracked the steel did not cause visible surface attack at all. 
As yet there is no indication that a solution must produce 
general surface corrosion to cause intercrystalline cracking. 
The failure of laboratory experimentation to produce this 
cracking in a dilute alkaline solution may be due to the 
lack of understanding that has existed to the present time 
concerning the possible influence of small amounts of other 
substances. The action of the dilute solutions is being in- 
vestigated at the present time. 

This question is of prime importance in cracking of 
boiler steel since it has always been believed that several 
hundred-fold concentration of the boiler water must take 
place in the seams before intercrystalline attack occurs. If 
this is not true or if only a few fold concentration is neces- 
sary, the basis for treatment to prevent cracking must be 
revised. 


Conclusions 


Tension tests and U-bend tests indicate that concentra- 
tions and temperatures must be carefully adjusted to pro- 
duce intercrystalline cracking. For example, sodium hy- 
droxide-sodium silicate solutions produce failure of tension 
specimens at 250 deg. C., but have not yet produced crack- 
ing of U-bend specimens at the atmospheric boiling point. 
On the other hand, the presence of small amounts of potas- 
sium permanganate, sodium nitrate, or sodium chromate 
will cause cracking of the U-bend specimens in sodium 
hydroxide solutions boiling at atmospheric pressure, but 
these same substances in the correct concentrations will pro- 
tect the steel against the action of sodium hydroxide-sodium 
silicate solutions in the tension tests at 250 deg. C. 

The experimental results suggest that intercrystalline 
cracking is produced by a solution that tends to form a pro- 
tective film over the crystal surfaces while it attacks the 
grain boundaries. This condition can most easily be at- 
tained with two dissolved components, but with careful 
adjustment it may be possible to produce cracking in a solu- 
tion containing only one dissolved substance. The inter- 
crystalline corrosion may be accelerated by electrochemical 
potentials existing between the protected crystal faces and 
the grain boundaries as well as by the presence of hydrogen 
depolarizers. Progress of the crack may be enhanced by 
bursting forces existing within the grain boundaries if the 
corrosion products occupy a greater volume than the iron 
itself. From this suggested mechanism it has been possible 
to predict and prove that very dilute nitric acid solutions 
could be substituted for sodium hydroxide solutions to pro- 
duce intercrystalline cracks. 

These new results and their explanation have broad and 
important implications with respect to the production of 
intercrystalline cracks in boilers, 

First, not only one solution but a variety of solutions of 
different compositions may promote failure. To be de- 
structive it seems necessary that the solution produce a non- 
continuous film on the steel and corrode the grain boun- 
daries. 

Second, since the reactions may be started or stopped by 
surface conditions on the steel, they will obviously be ex- 
tremely sensitive to small changes. For example, a boiler 
operating with low dissolved oxygen may not encounter 
trouble until the concentration is allowed to increase and 
possibly form a film that will promote intercrystalline at- 
tack. On the other hand, if the oxygen increases still 
further, the attack may be stopped. Oxygen has merely 


329 




























































| 
i 
' 





been used as an example; salts such as nitrate, silicate, etc., 
play an important part. This sensitivity to changes in con- 
ditions gives the study somewhat the complexity of the 
corrosion problem and indeed in a number of aspects sim- 
ilarities are indicated. 

Third, since temperature and solution conditions must be 
quite accurately adjusted to produce cracking, it may occur 
only intermittently in a boiler. If this is true water taken 
from a boiler after cracking has been found will not neces- 
sarily indicate the correct conditions to produce inter- 
crystalline failure. 

Fourth, some substances that are used to prevent crack- 
ing do so by changing or producing a new surface film on 
the steel. Under certain conditions effective protection 
exists, yet the very formation of a film may promote inter- 
crystalline cracking if the conditions are changed. 

Fifth, the results definitely show that it is not necessary 
to have an applied load on the steel to produce cracking. 
The internal stresses resulting from cold work or other 
treatment will allow the solutions to attack the steel. If an 
applied load is present it may of course hasten ultimate 
failure and at the same time give cracks that are partly inter- 
crystalline and partly transcrystalline. Sixth, neither re- 
peated stress nor corrosion fatigue necessarily play a part 
in the production of this type of cracking. They also may 
hasten the destruction of the metal but cracking can be pro- 
duced in their entire absence. 

In this discussion no definite reference has been made to 
the influence of steel composition on failure because it has 
not yet been subjected to systematic investigation. As an 
incidental part of the study, certain steels have been found 
to be more readily cracked than others. For instance, a 
series of 5 in. bolts used in some of the tests were so badly 
attacked on the unthreaded portion that they could readily 





be broken into disks or wafers with a light tap of the ham- 
mer. The specimens in these same solutions developed 
only very small cracks. The malleable cast iron nuts used 
on the U-bend specimens, as in Fig. 4, were very easily 
attacked. Free machining stainless steel is probably more 
susceptible to the action of some of the solutions than any 
other material which has been used. The rate, or degree 
of attack, seems to vary from steel to steel, but intercrystal- 
line cracks have been produced under certain conditions in 
all the materials that have been tested, including Armco 
ingot iron and non-aging steel. 

As a result of this broadened viewpoint concerning the 
production of intercrystalline cracking it may appear that 
the development and study of satisfactory protective agents 
will become very complex. Certain simplifications can, 
however, be made. If a protective agent is found to be 
satisfactory in several solutions which cause rapid cracking 
at different temperatures, it seems reasonable to conclude 
that it should offer protection in almost every case encoun- 
tered in operation. 

Investigation is being made on the action of possible pro- 
tective agents at the present time as well as a study of the 
action of dilute alkaline solutions in producing inter- 
crystalline cracking. 
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BRIGHT ANNEALING OF 


Seamless 
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HIGH STANDARDS of both material and work- 
nship required and maintained in the aircraft in- 
try are well known. In the construction of the 
re, for instance, seamless steel tubing is used. The 
sing of this tubing, especially the heat treating, must 
y precise in order that the finished product conform 
e stringent specifications of hardness, grain size, and 
content. 
1e processing of this tubing it is common practice to 


Steel Aircraft Tubing 


hot pierce a billet and to perform all subsequent drawing 
operations cold. In some instances, as many as six Or more 
cold drawing operations are necessary to reduce the pierced 
billet to the desired size tubing. It is the A, B, C’s of 
metallurgy that cold working hardens the metal. Conse- 
quently, after each drawing operation, the tubing must be 
annealed before additional drawing. 

Seamless steel aircraft tubing usually has a medium car- 
bon content, $.A.E. 4130 (carbon content 0.25 to 0.35%) 


iken from Charge End Showing Water Cooled Bearings and Mounting of the Gas-Fired Radiant Heating Elements. 
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View of DX Atmosphere Gas Preparation Machine 


being commonly used. It has long been a problem to an- 
neal such tubing without decarburization and to eliminate 
the danger of acid embrittleness resulting from over- 
pickling. The Ohio Seamless Tube Co. of Shelby, Ohio, 
recently installed a continuous controlled atmosphere fur- 





with Discharge End of Furnace in Background. 


nace which is satisfactorily meeting the problem « 
carburization and which has eliminated the danger o 
embrittlement since only a flash pickle is required « 
process anneal. It has been found that a flash pi 
desirable on the process annealed work as this pick! 


View Taken from Charge End Showing Method of Driving Roller Conveyor. Six Burners and Eductors Mounted 
of Gas-Fired Radiant Tube Heating Elements Are Also Shown. 








f 
é 
= mee 


e. ae 


a oo 














View Taken from Discharge End of Furnace Showing Tubes Leaving Cooling Chamber. 


duc surface to which the drawing compound adheres 
bettc. ‘han on a more smooth surface. The final or fin- 
ishe’ :nnealed tubing is not pickled. 

The furnace is of gas-fired radiant tube type, the heat- 
ing ‘vamber having internal dimensions of 3 ft. 6 in. by 
17 {'. 0 in. The over-all length including charge table, 
eductur, cooling chamber and discharge table is approxi- 


mately 150 ft. The rated capacity is 2000 lbs. per hr. of 
finish annealed tubing and 3000 Ibs. per hr. of processed 
annealed tubing. 

The radiant tube heating elements are mounted through 
the side walls, both above and below the conveyor. There 
is a total of 16 heating elements, each being made of an 
alloy tube having the general outline of the letter “W’’ and 
positioned horizontally across the width of the furnace 
chamber. Since each tube has four legs, there are in 
teality 64 cross tubes in the furnace. Each of the 16 heat- 
ing elements is provided with a special combination premix 
and diffusion type burner. The tubes when in operation 
are under a gentle suction produced by means of an eductor 
at the discharge end of the tube. This gentle suction 
makes it impossible for the products of combustion to es- 
cape from the tubes even though a leak or crack does 
develop. Hence, repairs to the tubes, if needed, can be 
postponed until production permits as the suction makes 
it impossible for the products of combustion to escape into 
the furnace and contaminate the special furnace atmosphere 
which is maintained in both the heating and cooling zones. 

The tubes are conveyed through the furnace continuously 
by means of power driven rollers. In the heating zone, 
these rollers are cast of heat-resisting alloy and are mount- 
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ed through the side walls in water cooled bearings of the 
self-aligning type. In the cooling chamber, the first three 
rollers are also made of heat-resisting alloy, the remainder 
being of steel. All rollers in both the heating and cooling 
zones are equipped with a sprocket at one end. The 
sprockets are driven by means of a chain which extends the 
full length and along one side of the furnace and cooling 
chamber. 

In ordef to cool the work in a protective atmosphere and 
at the same time provide a means of regulating the rate of 
cooling, there is located at the discharge end of the furnace 
a cooling chamber. This is a continuation of the furnace 
but is separated from the furnace proper by an internal 
door which may be regulated to suit different sizes of tub- 
ing. Substantially constructed of structural steel plates 
and shapes, this chamber is made up in a plurality of indi- 
vidual sections. Each section is provided with a water 
jacket on the sides, top and bottom. In addition, the first 
section next to the heating chamber is equipped with a 
vertical type circulating fan mounted through the roof. 
The purpose of this fan is to permit changing the cooling 
rate of the work passing through the cooling chamber. 

Playing an essential part in the operation of this furnace 
is the special protective atmosphere maintained in both 
the heating and cooling chambers. It is this atmosphere 
which prevents decarburization and oxidation and thus 
does away with the necessity of heavy pickling. The tubes 
leave the furnace with a bright finish and, after the finish 
anneal, are either stored or packed for shipment without 
an additional processing operation. 

Of much more importance than oxidation, however, is 
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View also Taken from Charge End Showing Tubes Enterin g the Furnace. 


the ability of this furnace to anneal without decarburiza- 
tion. Tests have shown a piece of SAE 4150 tubing to be 
annealed as many as 8 times without decarburization. Ad- 
ditional tests for temperature distribution showed a maxi- 
mum variation of only 5 deg. F. across the hearth of the 
furnace at 1400 deg. F. 

Regarding the decarburization of S. A. E. steel 4150 
tubing, the tests for decarburization were made by de- 
termining the total carbon content of the steel before and 
after annealing. After piercing the 4150 steel, the carbon 
content was found to be 0.518 to 0.536 per cent. After 
eight anneals its total carbon was found to be 0.518 per 
cent. The furnace was guaranteed not to decarburize steel 
tubing with a carbon content up to 0.35 to 0.40 per cent. 
Since these tests were made chemically, no photomicro- 
gtaphs are available for presentation. 

The drawing temperature in the furnace is 900 to 1000 
deg. F., the annealing temperature is 1400 deg. F. and the 
normalizing temperature is 1650 to 1725 deg. F. The 
variation in temperature is accounted for by the different 
steels used. The time the work is in the heating chamber 
varies from 4 mins. to 64 mins. depending on the size of 
the tubing. The conveyor has a 16 to 1 speed ratio, made 
possible by a 2-speed motor (950 and 450 r.p.m.) and an 
8 to 1 variable speed transmission. The length of the 
tubing varies from a minimum of 5 ft. to a maximum of 
37 ft. 

The atmospheric gas, known as DX gas, is manufactured 
in the unit separate from the furnace. Suitable portions 
of air and gas are cracked or partly burned in a horizontal 
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refractory lined combustion chamber which is at a re ely 
high temperature. After leaving the combustion c! ef, 
the cracked gas passes through a series of towers wh is 
scrubbed and dropped to approximately tap water | fa- 
ture. It then passes to a refrigerator where ad nal 
dehydration takes place. After leaving the refrig: ‘tor, 
the atmospheric gas then passes through a heating ch. mber 
and then on to the furnace proper. This reheating ‘as a 
catalytic effect which tends to stabilize the gas which in 


turn is Claimed to be much more effective in preventing 
decarburization. 

The dew point of the dehydrated DX gas is 38 deg. F. 
The air-gas ratio of the DX gas is approximately 6 to 1, 
using natural gas. 

The furnace is in production 24 hrs. a day, six days and, 
at times, seven days a week. During the week the furnace 
is normally used for process annealing. On Friday or Sat- 
urday, the furnace temperature is raised to normalizing 
temperature only to be cut back to 900 deg. F. on Sunday 
so as to have the furnace ready for bright drawing on 
Monday morning. 

Regardless of the type of heat-treating operation, the 
furnace is performing equally well both as regards bright 
surface and metallurgical requirements. The temperature 
distribution from side to side of the furnace is very uml 
form, and, consequently, the hardness of the work is within 
a range of two points Rockwell. The furnace was de- 
signed, fabricated and installed by the Surface Combustion 
Corp. of Toledo, Ohio. 
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The Pitting of Stainless Steel 


AND THE INSOLUBILITY OF FERRIC ION IN 


SEA WATER 
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which pits are initiated in passive surfaces will be 


p GRESS IN UNDERSTANDING the mechanisms 
ayed by general acceptance of any explanation 


whi ivolves an unsound assumption. It is well known 
that acidified solution of ferric chloride can be applied 
to st. less steels to produce a rapid, sharply localized form 
of co osion. This to some extent simulates the effects of 
the er attack sometimes observed when such steels are 
expr in slowly moving sea water, and the ferric chloride 
solut:.ns are indeed useful in laboratory investigations of 
the es of such pitting.! 

Li has appeared in print on this subject, but it is 


being discussed actively among those interested in corrosion 
and the belief has spread that the pits are started by the 
action of iron salts in sea water. It should be noted that 
the chief mystery which surrounds this phenomenon is not 
why the corrosion progresses after pits start but what it is 
that starts them. 

} Proponents of the idea that iron salts in sea water 
initiate pits fail to take account of the fact that ferric iron 
is insoluble in sea water at a pH above 3. The hydrogen 
on concentration of natural sea water from the Atlantic 
Ocean? lies between pH 8.1 and 8.3. The work described 
in this report shows that the solubility of ferric ion in 
sea water is less than one part per million at hydrogen 
'on concentrations of pH greater than 3. 


Solubility Measurements 


_ The method used in determining the solubility of ferric 
‘ron was to prepare a saturated solution of ferric chloride 
in synthetic sea water at pH about 1.5, then adjust the pH 
to a desired higher value by addition of a solution of 
sodium hydroxide, boil to coagulate any colloidal ferric 
hydroxide formed, filter, and then determine accurately the 
hydrogen ion concentration and iron content of the filtrate. 

An artificial sea water was made in accordance with the 


DECEMBER, 1937 


U. S. Navy specification No. 47 S 20 as used in salt spray 
testing. Its composition is as follows: 


Stock Solution: 


Potassium chloride 10 grams 
Potassium bromide 4.5 grams 
Magnesium chloride, hexahydrate - 550 grams 
Calcium chloride, hexahydrate 110 grams 


Distilled water to make one liter 
Artificial Sea Water: 


Sodium chloride 23 grams 
Sodium sulphate, decahydrate 8 grams 
Stock solution 20 cu. cm. 


Distilled water to make one liter 


At the outset it was realized that the principal difficulty 
would be met in keeping excess iron from going into col- 
loidal solution as ferric hydrosol. The procedure finally 
adopted was the following: 

About 1.5 grams of ferric chloride were dissolved in one 
liter of sea water. This was heated to boiling under a 
reflux condenser. The precipitate that formed was dissolved 
by the addition of small amounts of concentrated hydro- 
chloric acid, and then the excess hydrochloric acid was 
neutralized by small additions of 10-normal sodium hy- 
droxide until a permanent precipitate was formed. Boiling 
was continued for a minute or so to ensure complete 
precipitation, and the mixture was filtered while hot. The 
resulting clear yellow solution had a pH value of about 
1.5 and contained nearly one gram of ferric chloride per 
liter. To portions of this solution were added various 
amounts of 1-normal sodium hydroxide (made up with 23 
grams sodium chloride and 8 grams sodium sulphate deca- 
hydrate per liter).. Each portion was boiled tor a short 
time to coagulate the colloidal ferric hydroxide. The pre- 
cipitate was then filtered off, and the hydrogen ion con- 
centration and iron content of the filtrate were determined. 

The pH values were measured with a standardized com- 
mercial glass electrode apparatus. 

The iron concentration was determined colorimetrically 
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with ammonium thiocyanate. As ordinarily recommended 
in reference books on analytical chemistry, this analysis is 
carried out in dilute sulphuric acid, and chlorides of the 
alkaline-earth metals (including calcium and magnesium) 
interfere with the development and stability of the color. 
The method for converting the chlorides to sulphates 1s 
rather tedious, especially in view of the rather large num- 
ber of determinations to be made. It was found, however, 
that these difficulties could be overcome by carrying out 
the analysis in HCI instead of H,SO,. The reliability of 
this altered procedure was checked by actually determining 
colorimetrically the amount of iron in a solution of acidified 
sea water and comparing with determinations by titration 
with standard potassium permanganate solution. 

The iron concentrations at various pH values are given 
in the Table and are shown graphically in the illustration. 


Table of Iron Concentrations at Various pH Values 


Iron concentration, 


[ron concentration, 
pH p.p.m. pH 


p.p.m. 
1.46 340 1.98 32.5 
1.59 200 1.99 20. 
1.61 160 2.05 - 
1.64 275 2.20 17.5 
1.65 100 2.20 0.2 
1.67 190 2.22 9,5 
1.67 100 2.30 4. 
1.70 49 2.93 1.4 
1.73 58.5 6.1 0.1 
1.78 48 10.2 0.0 
1.85 48 F sae 


The irregularity at the lower pH values may be explained 
by the marked effect on the solubility produced by a very 
slight change in pH. This is made clear by a consideration 
of the illustration. 

It must be emphasized that the iron concentrations 
recorded are probably too high rather than too low. Ferric 
hydroxide, which is the precipitate formed, has a strong 
tendency to pass into the colloidal state and so be included 
in the estimation of iron. A few supplementary tests 
showed that at pH 8 or 9, however, even this source of 
error could be neglected. No iron could be detected in 
the synthetic sea water solution at pH 8.0 or 9.0 even 
after it was agitated in contact with freshly precipitated 
ferric hydroxide overnight and filtered. 


Solubility Product 


The following equation is an exact expression of the 
solubility product principle of Noyes: 


APe+++- (aon )’ = K (1) 
In the experimental work the actual quantities measured 
were the activity of hydrogen ions and the stoichiometric 
concentration of ferric iron in solution. On the assumption 
that the dissociation constant of water K, is constant with 
variation in pH of the sea water solution, the activity of 
hydroxyl ion needed in equation (1) can be readily com- 
puted from the relation 
ion... te, = he = 16 (2) 
Since 
[Fe***] (3) 
where [Fe+++] is the stoichiometric concentration of 
ferric iron and yFe+++ is the activity coefficient of the 
ferric ion, equation (1) becomes 
Y vosss . [Fe***} . (aon-)* = K (4) 
Now the ionic strength of the sea water solution does 


not change much with change in pH from 1 to 10. This 
makes it reasonable to assume that the activity coefficient, 


are+++ — Y Fe+++ «+ 
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Solubility of the Ferric lon in Artificial Sea Wate 
yFet+++, of the ferric ion does not change with such 


change in pH in this solution. If yFe+++ is constant, 
then equation (4) becomes identical with the solubility 
product equation ordinarily used for ferric hydroxide, 
namely, 


S = [Fe***} . (aoun—)* (5) 
The curve of the illustration represents equation ) 
when S$ 2.2 x 10-4. The experimentally determined 


points agree well with this curve. 

It is interesting to compare this value of S with the ‘ol- 
lowing quoted by Mellor in his “Treatise on Inorg ni 
Chemistry,” vol. XIII, p. 894: 


Bodlander 6.5 x 10" 
Jellnick and Gordan 1x10"* 
Ruff and Hirsch 1x10” 
Miller 6.5 x 10 
Britton 1x10" 


iron in Natural Sea Water 


Iron has been reported in analyses of natural sea rs 
as in the Mediterranean Sea (3 p.p.m.), Caspian Se. (40 
p.p.m.) and Black Sea (127 p.p.m.)*® but Harvey, +» his 
classic “Chemistry and Physics of Sea Water” states that 
sea water gives no reaction for ferric iron unless the 
organic compounds are destroyed by drastic oxidizing 
treatment. He states that the minute amount of iron present 
in sea water is probably there in the form of organic 
matter. In this form the iron would not take part in the 
relationship upon which the solubility product is based 
and presumably would not behave like the ferric 1on in 
initiating local corrosion. 


Pitting of Stainless Steel 


The experimental results indicate that the solubility of 
the ferric ion at the pH of natural sea water is less than one 
part in ten million and is less than one part pet million 
even at a pH as low as 3. For ferrous salts, however, the 
story is different. Assuming that the solubility product of 
ferrous hydroxide is of the order of 10~1 the estimated 
solubility of ferrous iron at pH 8 is only 60 parts pet 
million, but this becomes appreciable even at pH 7 where 
the estimate would be 6000 parts per million. 

If stainless steel is observed to corrode in a sea W 
application and some source of iron compounds, such as 
corroding iron or steel, is identified in the vicinity, then 
it is still necessary to prove the operation of one of the 
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tollowing mechanisms before fixing blame upon the action 
of dissolved iron salts: (1) The pH of the sea water was 
lowered from 8 to well below 3.0, thus overcoming the 
insolubility of ferric iron and permitting the accumulation 
of appreciable concentrations of dissolved ferric chloride; 
(2) The pH was lowered to below 7 and oxidation of 
ferrous salts was prevented before their arrival at the sur- 
face of the stainless steel. In this case it would also be 
necessary to prove that solutions of ferrous chloride can 
cause pitting of the type observed. 

The first mechanism is not plausible because no process 
has been suggested by which the pH could have been low- 
ered so much in any reported instance of pitting of stain- 
less steel in sea water. The second mechanism is still open 
to support. Under special conditions it does seem possible 
that ferrous chloride initiates pitting. The observation has 
frequently been made by members of this department in 
examining stainless steel specimens exposed in natural sea 
waters on the Atlantic Coast that there is a tendency for 
pitting, once it has started, to progress vertically downward. 

[t has been customary to ascribe this to the shielding 

ion of the solid ferric hydroxide generated at the pit 

settling upon the surface of the steel in a streak below. 
P._ chaps the truth is that some of the ferrous chloride solu- 


a solution would attack stainless steel remains to be learned. 
In any event, it is not probable that appreciable amounts of 
ferrous chloride formed at anodic areas of corroding iron 
or steel could diffuse or be carried very far through sea 
water without neutralization by the alkali formed at 
cathodic areas, and without oxidation and consequent pre- 
cipitation as ferric hydroxide. Attempts failed to detect 
ferrous ions in tanks of neutral aerated salt water in which 
large pieces of steel were corroding with copious forma- 
tion of ferric hydroxide. The pH in such tanks tends to 
reach equilibrium at a value between 6 and 7. 


Conclusions 


The insolubility of the ferric ion in sea water at pH 3.0 
or higher makes vulnerable any theory that pitting of stain- 
less steel in sea water applications is initiated by ferric 
chloride generated by corroding iron or steel in the 
vicinity. 

Although ferrous chloride is soluble below pH 7, it is 
readily oxidized and precipitated as ferric hydroxide by 
the action of dissolved air. It does not seem probable that 
this ‘salt is a common cause of pitting. 
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A LETTER TO THE EDITOR 


Ti nsformation Mechanisms and 
Te vsile Stress in Fe-Ni Alloys 


»e Editor: Giinther Wassermann has reported some interest- 
ing periments on the influence of an applied tensile stress upon 


the transformation in Fe-Ni alloys containing 30 per cent Ni 
(A » Eisenhiittenwesen, Vol. 10, pages 321-5, 1936 to 1937; 
Vol , pages 89-92, 1937). 

The material used was a sheet containing a cubic recrystallization 
texture, i.e., a pseudo single crystal. When the unstressed sample 
was transformed in liquid air, the areas of a needles defined direc- 
tion: 17 deg. to the rolling direction of the sheet. If a tensile 


stress was applied parallel to a cube direction, also the rolling 
direction, with increasing stress the + 17 deg. pattern disappeared 
in favor of a pattern + 56 deg. to the rolling direction. By cutting 
the sheet so that the tensile direction was 45 deg. to the cube 
direction, the pattern was again shifted so that the defined direc- 
tions were + 25 deg. to the cube axis and the rolling direction. 
The imperfection of the cubic structure made accurate study of the 


orientation relations impossible, but the information obtained indi- 


cated that the usual (111)y // (110)a relation existed. The 
X-ray work also demonstrated that, upon reversing the trans- 
formation by annealing at 500 deg. C., the original cubic y texture 
reappeared in spite of the considerable deformation of the speci- 
ment. Wassermann proposes that these experiments indicate that 
tensile stress changes the crystallographic mechanism of the trans- 
formation. 

This conclusion may very well be correct, for recent work indi- 
cates that transformation mechanisms are dependent upon the type 
of crystallographic shear which may occur under the conditions of 
the experiment, and two different mechanisms have been demon- 
strated in Fe-Ni alloys of this composition (A.I.M.E. Tech. Pub. 
797, 1937). ‘However, I do not think that Wassermann’s experi- 
ments establish his point. He states, and his micrographs show, 
that the directions referred to are not those of individual needles, 
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but rather of conglomerates. The directions defined by these con- 
glomerates are apparently determined by areas of high stress in the 
original y sheet; nucleation of the a phase is therefore more rapid 
in these regions, and the transformation is more complete there: 
The existence of Liiders’ lines and strain figures in low carbon steels 
is evidence that such strain patterns form, and the variation of 
these patterns with the direction of tensile stress has been shown 
(summarized, Trans. A.S.M., Dec. 1936, pages 1022-3). 

Studies by Késter (Archiv. Eisenhiittenwesen, Vol. 3, 1930, 
653) on the influence of deformation on nitride formation in 
steels havé shown that a large number of nitride needles may form 
along a slip line, giving the appearance of a pattern determined 
by the slip line. However, at higher magnification it is seen that 
the individual needles have taken other directions which cor- 
respond to those directions normally chosen in unstrained material. 
The same phenomena have been observed in relation to twins. 
(These observations are discussed in greater detail in A.I.M.E. 
Tech. Pub. No. 820, 1937). Widmanstiatten studies have also 
demonstrated that the crystallographic mechanisms of solid trans- 
formations are independent of the outward form of the precipitate, 
and that they are even unchanged when the precipitate forms no 
definite Widmanstiatten pattern. (See especially II and VII of 
the Studies upon the Widmanstatten Structure, appearing in ALI. 
M.E., 1931 to 1937.) In consideration of this evidence it would 
seem that a complete crystallographic study of transformations un- 
der stress will have to be made before Wassermann’s conclusion 
can be accepted. 

The retention of the original cubic texture after the transforma- 
tion cycle, in spite of permanent deformation, is readily understood. 
The X-ray photograms and micrographs both show that the trans- 
formation to @ has never been complete. The untransformed y 
therefore nucleates the reverse transformation so effectively that no 
new nuclei of different orientation can appear. 


GERHARD DERGE. 
Carnegie Institute of Technology, Pittsburgh. 
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Taking the Temperature of Liquid Steel with Optical Pyrometer 
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THE TEMPERATURE OF 


Recrystallization of Nicket 


hy Erich Fetz 


Research Metallurgist, 
Wilbur B. Driver Co., 
Newark, N. J. 


This article presents another phase of the author's extended 
udy of the recovery of cold-worked nickel on annealing. In other 
hlications,\:.8 he has investigated the release of hardness and 
ile strength of cold-worked, highly pure nickel; in the present 
parate yet related work, he locates the temperature range in 
ich the deformation structure, as seen under the microscope, is 
lished. The results reported below are of interest not only 
use knowledge of the recrystallization temperature of a metal 
| decidedly practical asset, but because the unusually low re- 
‘allization temperature found by the author adds another scien- 
bit to our revised understanding of the properties of highl) 
metals. —Editors. 


"HE RELATION BETWEEN RELIEF of work harden- 
ing and microscopic recrystallization (particularly grain 
size and grain growth) is a subject not only of 

t). oretical, but of considerable practical importance. For 

e. mple, in certain shaping processes, like deep drawing 
stamping, the size and arrangement of the recrystal- 

lid grains profoundly affect the behavior of the ma- 

tc al in a manner and to a degree not predictable from in- 

formation on its strength or hardness. Grain size and 
arrangement of grains are vital factors in the performance 
of thin wires exposed to high temperatures. Thus, tung- 
sten filaments consisting of one or a very few long grains 
are superior to fine-crystalline wire, and the recrystalliza- 
tion of tungsten has even been so controlled that the grain 
boundaries can be made to approach the wire surface at an 
acute angle; the length of a crystal, therefore, may be sev- 
eral times the diameter of the wire.t Ransley and Smith- 
ells* have demonstrated the effect of the relative dimen- 
sions of the grains and the wire itself on the tensile prop- 
erties of fine nickel wires. Hessenbruch and Rohn® found 
that the life of a fine-grained nickel-chromium resistor wire 
at high temperatures was longer by 40 per cent than that of 

a coarse-grained sample drawn from the same melt. 

The presence of impurities also exerts a notable effect on 
gtain growth. If the impurity is an insoluble non-metallic 
inclusion (like thoria in tungsten filament) it may restrict 
gtain growth by acting as a nucleus in initiating the forma- 
tion of a large number of grains during primary crystal- 
lization ; impurities held in solid solution, however, fre- 
quently have an opposite effect. Tests on two brands of 
aluminum of 99.2 and 99.9 per cent purity showed that, 
with the same amount of plastic deformation, materially 
higher temperatures were necessary to produce a coarse- 
Srained recrystallization texture in the less pure grade.’ 
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Earlier Studies on Nickel 


A review of existing statements in the literature on the 
recrystallization temperature of nickel reveals as much gen- 
eral confusion as prevailed concerning the temperature 
range of hardness recovery. Furthermore, the findings on 
the relative location of the temperature range in which 
work hardening is released and that in which the deforma- 
tion structure is abolished, are also in disagreement. It 
appears to be advisable, therefore, not only to re-attack the 
problem of the recrystallization temperature of high-purity 
nickel, but also, using different kinds of nickel, to answer 
once and for all the question of its location relative to the 
temperature at which hardness recovers. We may ask, for 
example: 


(a) does hardness recover only after complete recrystal- 
lization, as claimed by Dreyer and Tammann*, or 

(b) do softening and recrystallization occur simultane- 
ously, as is generally held, or finally 

(c) is a new grain structure formed after most of the 
work hardening has been released, as has been established 
beyond any doubt with tungsten, aluminum, and aluminum 
alloys ? 


Price and Davidson® present microstructures at 75X of 
cold-rolled nickel (98.48 per cent Ni + Co) annealed at 
different temperatures for 20 mins. after being heated to 
temperatures in 25 mins. (unusually slowly). No visible 
recrystallization at 75X is noticed until a temperature of 
650 deg. C. is reached; at 750 deg. C. complete recrystal- 
lization takes place. One-half of the work hardening is 
lost at T, = 620 deg. C. [Note: T,, the recovery tempera- 
ture, has previously been defined’ as the temperature at 
which the curve of hardness vs. annealing temperature re- 
verses its convexity. In most cases this corresponds to the 
temperature at which work hardening is 1/4 released.} Loss 
of tensile strength and hardness begins at 550 deg. C. 
The temperature difference between the beginning of re- 
crystallization and softening is as much as 100 deg. C. and 
it is doubtful whether the corresponding ranges could be 
shown to coincide, even if higher magnification had been 
used. 

Jeffries and Archer’® give 600 deg. C. as the lowest tem- 
perature at which new grains visible under a high-powered 
microscope appear in nickel after severe cold deformation. 
These authors, however, give no information on the purity 
of the tested material and time of annealing. 
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A thorough study of the recrystallization of nickel 
samples upset 5, 10, 25 and 50 per cent has been carried 
out by Schottky and Jungbluth.'' They reported that re- 
crystallization in the sample upset 50 per cent started at 
550 deg. C., while marked softening began at about 450 
deg. C. Half of the strain-hardening effect was released at 
ae 510 deg. C. Their 3-dimensional recrystallization 
diagram (Fig. 1) shows that the formation of very coarse 
grain starts, for practical purposes, at temperatures exceed- 
ing 1000 deg. C. Increasing the amount of plastic de- 
formation lowers the recrystallization temperature, but 
gtain growth is less pronounced. The latter was most 
conspicuous at a reduction of 5 per cent (critical deforma- 
tion). The lowest temperature at which recrystallization 
started seemed to be about 530 deg. C. with material sub- 
jected to the maximum amount of plastic deformation 
(extrapolation of Fig. 1). In spite of the impurity of 
their tested material (1.56 per cent Co, 0.47 Mn, 0.04 C, 
0.01 S), the softening and recrystallization temperatures re- 
ported were relatively low; that they were not higher is 
probably due to the long annealing time (1 hr.), and the 
drastic method of cold working (upsetting) employed. 
With respect to the impurities, the Co content is certainly 
less effective’ in raising the recovery temperature than is 
the Mn contamination. Ransley and Smithells® have 
shown that 0.34 per cent Mn raised the recovery tempera- 
ture of tensile strength of refined nickel (99.62 per cent) 
140 deg. C. (from 410 to 550 deg. C.) the nickel having 
been previously reduced 75 per cent. 

Sizoo'® failed to find “any trace of recrystallization” in 
commercially pure (1927 vintage) Mn-bearing nickel sub- 
mitted to ‘‘various degrees of deformation’’ and annealed 
over a “wide temperature range.’’ Similarly remelted 
Mond nickel containing 0.5 to 1 per cent Mn did not 
recrystallize on annealing for 12 hrs. at 1100 deg. C., but 
if the Mn content was reduced to less than 0.1 per cent, 
recrystallization could be observed even at 11 magnifica- 
tions in a sample cold-worked only 2 to 3 per cent. The 
lowest recrystallization temperature was not determined as 
the author's object was to correlate grain size with the mag- 
netic properties of pure nickel. Nevertheless, his observa- 
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tion of the drastic effect of manganese on the micros: opic 
recrystallization of nickel is of great significance wi 
spect to the present study. 


m 


The “recrystallization temperatures” of different ls 
of nickel given by Ransley and Smithells® cannot be .on- 
sidered here as they apparently were not based o1 ial 
microscopic evidence, but were derived from the a sr’s 
hardness /temperature curves by taking the end of so! ing 
as the ‘‘recrystallization temperature.’ It is the | a- 
tion for just such assumptions as this that is under nt 
scrutiny. 

Ancelle’® presents an insufficient number of phot: cro- 
graphs to determine accurately the beginning of rc. stal- 
lization in nickel wire (99.03 per cent Ni) drawn and 
53 per cent. In the sample reduced 53 per cent, so. new 
grains are visible at 650 deg. C; half of the work ness 


is released at 640 deg. C. and the beginning of so’ ning 
occurs at about 600 deg. C. 


Dreyer and Tammanné state that nickel first com) ctely 
recrystallizes and then softens, and that the new ¢rains 
appear at 600 deg. C. Tammann and Moritz’ foun. that 
the hardness of nickel cold worked 60 and 90 per ccnt re- 


covers at T, = 670 deg. and 660 deg. C., respectively 
(99.1 per cent Ni, 30 min. anneal). 


Scope of the Present Work 


In summation it can be said that literature statements on 
the recrystallization temperature of nickel are very confus- 
ing and that vital information—sometimes including the 
photomicrographs themselves—is usually missing. The 
lowest graphically evaluated recrystallization temperature 
reported in the literature is 530 deg. C. and the lowest 
found by actual microscopic observation is 550 deg. C. 
Inasmuch as (a) there is no scientific definition of the 
recrystallization temperature, (b) nickel itself recrystallizes 
in an extended temperature range rather than at a definite 
temperature, (c) it is difficult microscopically to find the 
first indications of recrystallization in any case, and (d) 
there are structural variations from point to point in the 
supposedly homogeneous metal, it seems desirable, even 
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imperative, to submit a complete series of microstructures 
taken at different temperatures and at close temperature in- 
tervals on different kinds of nickel. This will give other 
investigators an opportunity to interpret critically the 
submitted experimental evidence, particularly where there 
may be some quantitative disagreement in conclusions. 
Melted carbonyl nickel, pressed carbonyl nickel sub- 
mitted to insufficient working and annealing treatments, 
and electrolytic nickel, cold-rolled from the as-deposited 
state, were employed for this cold working and recrystal- 
lization study. All samples were etched in a solution of 
50 per cent glacial acetic acid and 50 per cent nitric acid. 


The magnification was uniformly 500 X, the annealing 


time 30 min., and the heating-up time 1-2 min. 


Recrystallization of Melited 
Carbonyl Nickel 


About 100 g. of carbonyl nickel powder of finer than 
,25 mesh was hydraulically compressed into a slug at 
100,000 Ibs. per sq. in., slowly heated in hydrogen for 5 
iin. in a high frequency induction furnace and fully 

itered for 10 min. close to the melting point of nickel. 

few edge cracks indicated that this temperature must 
ve been exceeded temporarily at the periphery. After it 

s cooled in hydrogen, the brilliantly silver-white disc was 

with shears in four pieces. The cut surfaces indicated 

the sintered slug lacked ductility in the center to a 

ble degree. The four pieces were then quickly melted in 

rogen in the same furnace using an alundum crucible. 

immediately solidified metal was sound and sur- 

ngly soft and ductile, judging from a cut with the 

rs. The rough surfaces that had been in contact with 

crucible walls were ground off and a specimen of uni- 

fom thickness was prepared by grinding. A section was 

r° oced 94.6 per cent without any difficulty (from 0.295 
) 0.016 in. diam.). 

mples annealed for 30 min. at different temperatures 

yic ded the softening curve shown in Fig. 2, curve a. Half 

of the strain hardening was released at 383 deg. C.; at 


426 deg. C. the material had completely softened. The 
microstructures of samples heat-treated for half an hour 
at 320, 350, 375, 400 and 426 deg. C. are shown in Fig. 3, 
a to e, respectively. At 320 deg. C. at few isolated new 
grains are noticeable and a few streaks of new grains show 
up at 350 deg. C. These streaks were photographed pur- 
posefully, although they appear in isolated spots only and 
may be due to non-uniform stress distribution in the 
sample. At 375 deg. C. recrystallization was almost com- 
plete. The considerable grain growth at 426 deg. C. is 
noteworthy. 

Recrystallization of melted carbonyl nickel cold-rolled 
94.6 per cent apparently takes place, therefore, between ap- 
proximately 350 deg. and 400 deg. C. It thus appears that 
the softening range is slightly wider than the temperature 
range of recrystallization. Owing to the extreme purity of 
the melted metal of normal density, grain growth is prob- 
ably less impeded by the grain boundary substance than in 
ordinary metal of commercial purity. 

This recrystallization temperature range is about 200 
deg. C. lower than the lowest previous observations, actually 
made under the microscope, by Schottky and Jungbluth.™ 


Compressed Powder 


A study of the recrystallization of nickel made from 
compressed powder is inviting inasmuch as the softening 
range has been shown to be shifted to temperatures that are 
lower the less the number and amount of plastic deforma- 
tions (and annealings) applied. Furthermore, an unusu- 
ally large temperature gap between the beginning of soft- 
ening (700 deg. C.) and the beginning of recrystallization 
(1500 deg. C.) was observed by Koref*® on tungsten wire 
made from powder. 

The softening curve of carbonyl nickel that was com- 
pressed as powder, sintered in hydrogen, rolled 21.7 per 
cent, annealed in hydrogen for only 6 hrs. at 1000 deg. C. 
and then cold rolled 90 per cent from a thickness of 0.173 
in. yielded a recovery point of 283 deg. C. with a 30 min. 
anneal (Fig. 2, curve b). The same samples previously 
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3. Effect of Rising Temperatures on the Microstructure of Melted Carbonyl Nickel Cold Rolled 94.6 per cent (30-min. 
Anneal). Left to right: 320, 350, 375, 400 and 426 deg. C. (a toe.) 
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used for hardness testing? were submitted to microscopic 


examination. The microstructures observed in the as- 
rolled condition and at 250, 275, 300, 325, 400, and 502 
deg. C. are presented in Fig. 4 a to g. 

Owing to insufficient cold working and annealing, the 
density of this material falls short of that of melted metal. 


342 





Fig. 4. Effect of Kising 
Temperatures on the 
Microstructure of Com- 
pressed Carbonyl Nickel 
Powder Cold Rolled 90 
per cent (30-min. An- 
neal). Left to right, top 
row: as-rolled, 250, 27), 
300; bottom row: 32), 
400 and 502 deg. C. 
(a to g.) 


Note: The purity of this material is undoubtedly higher than 
that of the melted carbonyl nickel. The powder sample always 
rested on pure carbonyl nickel. An analysis of a similarly-treated 
specimen’ prepared from the same powder yielded: Less than 0.001 
per cent Co, 0.005 Cu, 0.001 Si, and 0.045 Fe. The C deter 
mination according to the Yensen method showed 0.002 per cent 
C as occluded gas, obtained by heating in vacuum at 600 deg. C. 
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for 10 min., and 0.0045 per cent C by burning in oxygen at 
1150 deg. C. 


Voids may be seen in the as-rolled sample. The first new 
grain boundaries faintly appear at isolated spots at 250 
deg. C., at which temperature softening also starts. The 
recovery of hardness is completed around 320 deg. C. and 
the same may be said about the recrystallization. In con- 
tradistinction to the melted carbonyl nickel, grain growth is 
much more impeded in the compressed powder sample. 
Although the former begins to recrystallize at temperatures 
100 deg. C. higher than the latter, higher temperatures are 
required to produce the same coarse grain in the powder 
samples, as compared to the melted material. The powder 
sample exhibits coarse grain on annealing at 502 deg. C. 

It had previously been found* that the hardness recovery 
of powder samples does not follow the same laws on pro- 
longed heating as metal that has solidified from the liquid 
state. The plastically deformed powder samples softened 
at a much faster rate. Fig. 2, curve c, shows the effect of a 
100-hr. anneal on the 90 per cent cold-rolled material. Half 
of the work hardening is abolished at 197 deg. C. The 
microstructure (Fig. 5) of a sample annealed for 100 hrs. 

193 deg. C. at which temperature the hardness had 

pped from 212 Brinell to 160 Brinell, clearly shows 
partial recrystallization, Hardness recovery and recrystal- 
livation seem to occur simultaneously also on long-time an- 
nealing. 

ius it can be said that the temperature range of re- 
cr; ‘allization and that of hardness recovery of compressed 
poder samples are the same, in spite of their porosity. 
Th. recrystallization temperatures reported—between 200 
an 300 deg. C.—are the lowest yet observed on nickel. 


E'ectrolytic Nickel 


» the best of the author's knowledge, nothing has been 
published on the recrystallization of electrolytic nickel, 
cold-worked without previous annealing. The grain growth 
in nickel in the electro-deposited state on annealing at dif- 
ferent temperatures has been systematically studied by 
Jenicek.'® He found no structural changes to occur during 
a 20-hr. anneal at 480 deg. C.; slight changes were ob- 
served in the temperature range of 550 to 650 deg. C., 
and grain coarsening developed after heating to temper- 
atures exceeding 1000 deg. C. The softening curve of this 
material shows that the hardness of the electro-deposited 
metal is 1/4, reduced at 496 deg. C. Apparently the tem- 
perature ranges of softening and recrystallization do not 
coincide. According to McNaughton and Hothersall'’, after 
a 4-hr. anneal at 1000 deg. C. the hardest deposit of nickel 
(which incidentally had the finest grain structure) showed 
no sign of grain growth. 

In the present experiments, a 6 x 6 in. plate of a com- 
mercial brand of electrolytic nickel was prepared as de- 
scribed later. A typical recent analysis'® of this material 
shows it to contain 99.95 per cent Ni + Co, 0.01 Cu, 
0.01 Fe, and 0.001 S. The uneven surface of the plate 
was removed by milling it to a uniform thickness of 0.265 
in. This as-deposited metal was then cold-rolled 90 per 
cent without any edge-cracking. Samples annealed for 30 
min. at different temperatures gave the softening curve d, 
Fig. 2. Miscrostructures of the same samples are present- 
ed in Fig. 6 a-f, the following temperatures being studied: 
200, 228, 251, 325, 400 and 498 deg. C. In contradis- 
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Fig, 5. Mi- 
cr ostructure 
of Com- 
pressed 
Carbonyl 
Nickel 
Powder 
Cold Rolled 
90 per cent 
and An- 
nealed for 
100 hrs. at 
193 deg. C. 
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tinction to Jenicek’s observations on nickel in the electro- 
deposited state, without cold rolling, the formation of new 
grains and the loss of total hardness (work hardness super- 
imposed on the hardness due to electrodeposition) begin at 
the same temperature in cold-rolled electrolytic nickel. Fig. 
6 b shows that new grain boundaries begin to develop at 
228 deg. C., at which temperature the hardness has 
dropped from 260 Brinell to 215 Brinell. Significant 
grain-coarsening, however, does not occur below 500 deg. 
C. Lateral grain growth is relatively slight in hard nickel 
deposits, owing to segregation of non-metallic material at 
the grain boundaries, according to MacNaughton and 
Hothersall.17 Whether the same conditions hold for se- 
verely cold-worked electro-deposited nickel annealed at 
only 228-500 deg. C. is hard to say. We confine our- 
selves to concluding that the kinetics of grain growth in the 
three different kinds of nickel evidently varies to a re- 
markable extent, whereas their temperature range of recrys- 
tallization and hardness recovery are practically the same, 
under the testing conditions applied in this investigation. 


Discussion 


The low recrystallization temperatures observed on the 
melted carbonyl nickel remove a previously inexplicable 
exception to the rule that the lowest temperature (Tp) 
at which atoms begin to change places is 14 of the absolute 
melting point (T,). In an evaluation by Botschwar,?® re- 
crystallization temperatures of 660 and 530 deg. C. have 
been used for nickel to derive Tp/T, = 0.46 — 0.54. 
This coefhicient becomes 0.36 when taking into account the 
beginning of recrystallization observed at 350 deg. C. in 
melted carbonyl nickel. This brings nickel in line with 
other metals that have been studied in the highly pure state. 

For the compressed carbonyl nickel powder this factor 
would become 0.30 using an observed recrystallization 
temperature of 250 deg. C., and 0.29 for cold worked 
electrolytic nickel, which was found to start recrystallizing 
at 225 deg. C. The negative deviation from the theoret- 
ical factor by the latter two materials is undoubtedly due 
to the fact that both materials differ from melted solid 
material, the compressed powder as to porosity and the 
electrolytic nickel as to grain size. The atoms are affected 
by the cold work to a much greater extent than in solidified 
metal. Thus the vibration amplitude of the atoms and 
their mobility in the lattice is increased. The effect of cold 
work on the increased diffusion speed has been previously 
discussed at length *°** and experimentally proved by 
comparing precipitation hardening in annealed and in cold- 
worked metallic materials. 
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Fig. 6.—Effect of Rising Temperatures on the Microstruc- 

ture of Electrolytic Nickel Cold Rolled 90 per cent (30- 

min. anneal). Left to right, top: 200, 228, middle: 251, 
325; bottom: 400 and 498 deg. C. (a to f.) 
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Summary 


The temperature ranges of microscopically observed re- 
crystallization and of release of hardness after cold rolling 
were found practically to coincide in severely wrought melt- 
ed carbonyl nickel, compressed carbonyl nickel powder and 
electrodeposited nickel. However, the kinetics of grain 
growth is markedly different for these materials. 

In melted carbonyl nickel, the beginning of recrystal- 
lization was found at 350 deg. C., which temperature js 
200 deg. C. lower than the lowest recrystallization tempera- 
ture of nickel microscopically found by previous investi- 
gators. This discrepancy is attributed primarily to the rel- 
ative impurity of the nickel used in former tests. 

Beginning of microscopic recrystallization was. found at 
250 deg. C. in compressed, insufficiently worked car- 
bonyl nickel powder (90 per cent reduction), at 350 deg. 
C. in melted carbonyl nickel (94.6 per cent reduction) and 
at 228 deg. C. in commercial electrolytic nickel (90 per 
cent reduction), employing, in each case, a 30-min. anneal. 

Compressed carbonyl nickel powder cold rolled 90 per 
cent was found to have partly recrystallized below 200 deg. 
C. during a 100-hr. anneal. 
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AND THE GRAIN SIZE OF A METAL 
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* TE METHODS OF ESTIMATING GRAIN‘SIZE in a 
netal, with the possible exception of the method based 
on a rating of the texture of the fracture of a hardened 

specimen, depend upon a comparison of the grain- 

bo-adary network revealed on microscopic examination of 
a p.ane surface of a specimen, with a series of graded stand- 
ard networks, either typical micrographs or idealized pat- 
terns. The plane examined is in effect a random section 
th ough an assemblage of solid grains, and consequently the 
neiwork observed comprises sections of grains ranging in 
size up to the maximum possible cross sectional area of any 
grain in that plane. In other words, on the random plane 
section there is a range of grain areas even when all of the 
grains are in fact of equal volume; thus the true grain size 
is, in general, more uniform than the apparent grain size 
indicated by the range of grain areas observed on a repre- 
sentative plane surface through the specimen. 

This reasoning, which has been verified in specimens of 
stainless steel and of brass purposely disintegrated by inter- 
granular corrosion, indicates that minor differences in ap- 
parent size as observed on a plane section have little real 
significance with respect to the properties of the metal. 
Thus it is of interest to consider the relation between this 
gtain area and the real size (or mean volume) of the metal 
gtains, for it is the latter which, either directly or indirectly, 
correlates with the useful properties of the metal. In doing 
this we shall first discuss an idealized case in which all of 
the grains are assumed to be spherical and identical in size. 


Distribution of Grain Sizes on a Plane 
Section of a Solid Composed of Spherical 
identical Grains. 

In order to ascertain the relation between the significant 
teal grain size and the “grain size’’ observed on a plane sec- 
tion, let us assume that the grains are all spherical, the 
simplest geometrical form, and equal in size. This as- 


DECEMBER, 1937 


sumption cannot be strictly valid, for an assemblage of 
spheres cannot be arranged completely to fill space; but it is 
amply accurate for our present purpose of ascertaining the 
general statistical distribution of grain areas, in view of the 
fact that in most metals, as examined for grain size, the 
grains are not far from spherical. To this question we 
shall revert later. 

The area (A) of a plane section of a sphere of unit 
radius ranges from x to 0, depending upon the distance 
(x) of the plane from the center of the sphere, in accord- 
ance with the formula A = x(1 — x*). The relative 
areas for ten equidistant values of x are given in Table I. 


Table |.° Relative Areas of Plane Sections of a Unit Sphere. 


Percentage 


Distance of plane of radius Relative area Percentage of 
from center, of sphere, of section, maximum area, 
x X—100+% (1—x?) 100 (1—.?) 

0 0 1.00 100 

0.1 10 0.99 99 

0.2 20 0.96 96 

0.3 30 0.91 91 

0.4 40 0.84 84 

0.5 50 0.75 75 

0.6 60 0.64 64 

0.7 70 0.51 51 

0.8 80 0.36 36 

0.9 90 0.19 19 

1.0 100 0. 0 


If a plane cuts through a random assemblage of equal 
unit spheres, the chance that it cuts any sphere at a given 
value of x is the same as the chance when an unlimited 
number of planes cut a single sphere; moreover these planes 
may be taken as parallel because of the symmetry of the 
sphere. Now if we think of the radius perpendicular 
to these parallel planes, it is clear that the chance of cutting 
this radius at a distance between x’ and x” is equal to 
x’ — x” or in percentage to (X’ — X”)/100 where 
X = 100x. Thus the last column of Table I represents, 
for ten equally spaced values of x, the relative distribution 
of the circular areas which would be observed on a plane 
section of a random group of unit spheres. For instance, 
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Fig. 1—The Five Regular Solids, Any of Which with Mere Duplications Can Completely Fill Space: 
(a) Cube (b) Hexagonal prism (c) Rhombic dodecahedron (d) Elongated dodecahedron 
(e) Cubo-octahedron (Kelvin’s 14-plane-faced solid). 
































(From Tutton’s “Crystallography and Practical Crystal Measurement,” Fig, 585). 


10 per cent of all the “grains” would appear to range in 
area from 0 to 19 per cent of the unit area, another 10 per 
cent from 64 to 75 per cent of the unit area, and so on. 

The values in this table are not quite those in which our 
interest centers, which is the frequency of appearance of 
a “grain” of size within specified limits. This can be de- 
tived either from the data of Table I by an appropriate plot 
of x against (1 — x), or by substituting, in the formula 
above, the specified values of the area and calculating the 
corresponding values of x (or X). When this is done for 
ten equally-spaced values of A, we get Table II, which 
shows the frequency of appearance of “‘grains’’ within each 
of the several ranges of size. For instance, if a plane cuts 
a random assemblage of unit spheres, the area of the maxi- 
mum section (that is, the great circle) being rated as 100, 
about 31 per cent of the circular “‘grains’’ will have an area 
between 90 and 100, 14 per cent between 80 and 90, and so 
on. 


Table Il. Frequency of Appearance of “Grains’’ Within 
Specified Limits of Size When a Plane Cuts a 
Random Group of Unit Spheres. 


Range of “‘grain-size”’ Approximate 
in terms of A.S.T.M. relative frequency 
maximum as 100 grain size of appearance 
100-90 31 
90-80 14 
80-70 10 
76-60 8 
60-50 8 
50-40 7 
40-30 6 
30-20 6 
20-10 5 
10-0 5 
100 
100-50 N 71 
50-25 N+1 16 
25-12.5 N+2 7 
12.5-0 all finer 6 


The usual A.S.T.M. ‘‘grain size” number covers a range 
from a specified maximum area to one-half of that area. 
Thus the rating N (for instance, No. 2) would in our 
notation cover the range from 100 to 50, and the frequency 
of its appearance (in the ideal case of spherical particles 
all equal in size) would, from Table II, be 31 + 14 + 10 
+ 8 + 8 or 71 per cent. Similarly the rating N + 1 
(e.g. No. 3) covers the range 50 to 25, and its frequency 
would be 7 + 6 + 3 or 16 per cent; the rating N + 2 
(e.g. No. 4), with a range of 25 to 12.5, would have a 
frequency of about 7 per cent; and all finer ratings together 
an aggregate frequency of about 6 per cent. Thus in this 
ideal case, although all of the grains actually correspond 
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to No. 2 size, only 71 per cent would appear to do so, while 
16 per cent would appear to be No. 3 and 13 per cent to be 
still smaller. These figures, summarized at the bottom of 
Table II, apply strictly only to the idealized case of really 
spherical identical grains, but this general distribution is 
believed to hold substantially for the frequency of “grain 
sizes’ observed on a plane section of a metal composed of 
grains of nearly the same actual size. 

Another example may be given by answering the q 
tion of what would be the ideal distribution of grain <:ze 
ratings on material half of whose grains are of size 
responding to N, the other half of size N + 1. 
answer is readily derived from the data of Table II, a 
lows in Table III. 


f. 
' 


@m 


Table I1l. Relative Frequency of Appearance of “Grain S. es 
on a Plane Through an Ideal Specimen Composed of Eq 
Numbers of Grains of Sizes N and N + 1. 


To! 


On 50 grains On 50 grains freq! Vv 
size N size N + 1 per t 
Rating N (e.g.,, No. 2)... 35.5 a 3: 
N + 1 (eg., No. 3) 8 35.5 
N + 2 (e.g., No. 4) 3. 8 
AG BOP wae be ctidesasess Bs 6.5 
50 50 l 


Thus in this case of equal real frequency, there v vuld 
appear to be appreciably more (43.5%) of size (N + 1) 
than of size N (35.5%). These examples emphasize that 
good judgment must be used if grain size estimations made 
on a plane section are to be interpreted correctly in terms 
of the distribution of actual grain sizes within the metai. 

To return now to the case of a group of identical spheres, 
the frequency of the several ratings would be as stated 
above if the observer counted them; but if, as is not im- 
probable, he estimated the proportion of the field occupied 
by the several sizes, his rating would be in accord with the 
last column of Table IV, indicating that he would then 
tend to underestimate the relative number of the smaller 
areas visible in the section. 


Table IV. Relative Area Occupied by the Several ‘‘Grain Sizes” 
on a Plane Section Through Spheres of Identical Size. 


Percentage 
Relative of total area 
number Aggregate occupied 
Mean of grains relative by each 
relative area - ogee — * for pa 
Range per grain able each size Z 
Rating of area A’ n nA’  100nA’/2nA 
N 100-50 75 71 5325 87 
N+1 50-25 37.5 16 600 10 
N+2 25-12.5 18.75 7 131 2 
All finer 12.5-0 6.25 6 37 I 
6093 100 
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These statistical analyses of idealized cases are in gen- 
eral harmony with experience. They indicate strongly that 
whenever one sees that about nine tenths of the area ex- 
amined comprises grains within a single A.S.T.M. grain 
size number, one may be assured that the specimen is ex- 
tremely uniform in actual grain size. They indicate more- 
over that small proportions of sizes, smaller than the most 
common size present, should not be reported unless in 
clusters', and raise the question as to whether too much 
attention is not being paid to minor differences in the 
“grain size’’ microscopically observed. Indeed for prac- 
tical purposes, it would seem that four or five unit ratings 
should be ample, in place of the eight (or more) now com- 
monly used; and that subdivisions between the present unit 
ratings are absurd. In an actual steel minor differences in 
real grain size have little effect on the hardenability of the 
steel and on the residual stress pattern in the hardened 
steel, hence on the toughness and usefulness of the fin- 
ished steel. 


The Actual Shape of the Metal 
Srains in a Crystal Aggregate. 


The foregoing statistical deductions are based on the 
umption that all the grains are spherical, an assumption 
lich cannot be strictly true yet introduces no serious error 
the results presented. There are only five regular solids 
ich can by mere duplication fill space; these are illus- 
ed in Fig. 1, the solid becoming more nearly spherical 

he number of faces increases. 
ven in the case of the cube, which is the farthest from 
sphere, the distribution of areas in a plane section would 
jualitatively similar to that computed above for the 
re. A random plane section through an assemblage of 
es would show 3-, 4-, 5- or 6-sided figures, as illustrated 
i Vig. 2; and the areas observed would depend upon the 
le between the plane and the cube-faces and upon the 
ince between the plane and the center of each cube. 
area of a section through a cube of unit dimensions 
2es, according to the number of sides which bound it, 
between the values shown in Table V. The fourth and 
fiith columns give the ratio of the minimum and maximum 
area respectively to the largest possible area of cross-section, 
namely that through the diagonal of the cube, of area \/2; 
for example, the area of the smallest 5-sided section is 


\/8/16, which is just one-half of this maximum. This 
geometrical illustration shows that, in a random plane sec- 
tion of cubic grains, the aggregate area of 3-sided figures 
would be noticeably smaller than that of the 4-, 5- or 6- 
sided figures, and that 5- and 6-sided figures would con- 
stitute the greater part of the whole area of the section. 


Table V. Figures Visible on a Plane Section of an 
Assemblage of Cubes. 


: Ratio of this area 
Area of section to maximum possible 
hos ‘outs: 


Number of sides 








of plane figure Minimum Maximum Minimum Maximum 
3 0 V12/16 0 0.62 
4 0 V32/16 0 1 
5 V 8/16 V32/16 0.50 1 
6 V27/16 V 32/16 0.92 1 


In an aggregate of crystals, regardless of the geometrical 
form assumed during free growth, the inevitable inter- 
ference results in the formation of polyhedra or of more 
complex interlocking forms. Desch? compared the fre- 
quency of occurrence of interface polygons in foam-cells 
with that of external surface polygons in a disintegrated 
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Fig. 2.—T ypes of Plane Sections of Identical Cubes. 


brass and an embrittled chromium steel, and found that the 
frequency curve was almost identical in all three cases, five- 
sided faces being by far the most frequent. “In fact, the 
individual cells tend to approximate to the pentagonal 
dodecahedron, slightly distorted by curvature so that all the 
faces may meet at an angle of 120 deg., as required for 
equilibrium between films. Space cannot be completely 
filled by such dodecahedra, and the cells are found to vary 
about that figure as a mean, gaps being filled by small tetra- 
hedra and hexahedra. The distribution of the original 
nuclei is not likely to be perfectly regular, but observation 
of normal cast metals suggests that the size of the grains 
does not vary widely, so that the nuclei must have been 
spaced uniformly on the average. It is not possible to de- 
termine the shape of the polyhedral grains from an exam- 
ination of their cross sections, but the general picture is 
quite consistent with the above results.’’* 
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Fig. 3.—The Formation from a Cube and the porns 
of the Kelvin 14-Faced Solid Figure (Tetrakaidekahedron ). 
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The most general solution of the problem of the homo- 
geneous partitioning of space was given by Kelvin* who 
proved that it is a 14-faced solid, the faces of which may 
or may not be plane. He showed moreover that the 14- 
faced solid of minimum surface area has eight 6-sided and 





upon samples of 18-8 stainless steel, which were subse- 
quently disintegrated completely by severe intergranular 
sensitization followed by corrosion in a sulphuric acid-cop- 
per sulphate solution; a careful count of the separated 
grains showed the number to correspond well with that de- 


Table VI. Ideal Relation Between Grain Size, and Average Number, Diameter, Cross-Sectional Area of Grains, and Total In- 
terfacial Area; Columns VI-IX are calculated on Basis of the 14-Faced Solid of Minimum Surface Area. 


I II III IV Vv 
Mean Mean area 

number of cross-section of a grain Diameter of 

of grains —__ cross-section of 
A.S.T.M. per sq. in. As viewed equivalent 
grain-size as viewed at 100X True size spherical grain 

number at 100X sq. in. sq. mm. mm, 
N.~1 

N a= A'=1/n A=—0.0645A’ d 

—) 0.25 4, 0.258 0.574 

0 0.5 2. 0.129 0.406 

1 Ba - 0.0645 0.287 

2 2. 0.5 0.0323 0.203 

3 4. 0.25 0.0161 0.144 

4 8. 0.125 0.00806 0.101 

5 16. 0.0625 0.00403 0.0718 

6 32. 0.0313 0.00202 0.0507 

7 44. 0.0156 0.00101 0.0359 

8 128 0.0078 0.000504 0.0254 

9 256. 0.0039 0.000252 0.0179 

10 512 0.0020 0.000126 0.0127 

11 1024 0.0010 0.000063 0.0090 

Notes to tables: 

Column IV. In German usage this area is expressed in terms of 
u*, where wu = 0.001 mm.; to transform to German 
units, the numbers given in this column have to be 
multiplied by 1,000,000. 

2 : / 4A 4 0.0645 This column is da 

Column \ é= ———_> = —.——— terms of the units 

V TT V @ n commonly used for 


non-ferrous metais. 


six 4-sided faces, all the edges being equal in length, but 
curved into plane arcs. The plane-faced counterpart of this 
interesting figure can be constructed by cutting away the 
eight corners of a cube on (111) planes until only half of 
the cube volume remains; the intersection of the cube edge 
with the (111) cutting planes will always be at a distance 
of three-quarters of the cube edge from the removed cor- 
ner as shown in Fig. 3 4, b, and. This solid figure, three 
views of which are shown in Fig. 3 d, e, f, is the most 
nearly spherical of all the regular solids which may with 
mere duplication completely fill space. 


This is the form which will ted to be assumed by each 
of an assemblage of growing crystals, because the most 
thermodynamically stable (that is, the most probable) state 
is that in which the area of the interface is a minimum. As 
a matter of fact, well annealed metal comprises grains with 
from perhaps 9 to 19 faces, and on the average about 14 
faces. This shows that the equilibrium, or stable, state is 
being approached in fact, though we cannot expect that it 
will be fully realized. Therefore we feel justified in as- 
suming, as the limiting case, the formation of the 14-faced 
solid, and on this basis calculating: the ideal relations be- 
tween number, size and surface area of grains, as set forth 
in Table VI. We consider the values of Table VI to be of 
the right order of magnitude; for even if the calculations 
are made on the extreme basis that the grains are all cubic 
(the regular space filling solid of minimum number of 
faces), the results differ from those given by less than cor- 
responds to a whole grain-size rating. As a practical test 
of these data, some estimations of grain size were made 
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VI Vil VII! IX 


Mean number of grains per Mean total interfacial area 
Rata 





" ane er eemenmeeatl ee se > i a an eee ag 
sq. in. sq. mm. 
cu. in. cu. mm. per cubicinch per cubic mm. 
m’ m a. S 
92,100 5.6 125. 4.7 
261,000 15.9 170. 6.7 
739,000 45.1 240. 9.5 
2,090,000 128. 340. 13.4 
5,910,000 360. 480. 18.9 
16,700,000 1,020. 679. 26.7 
47,300,000 2,880. 961. 37.8 
134,000,000 8,160. 1360. 53.4 
378,000,000 23,000. 1920. 75.6 
1,070,000,000 65,300. 2720. 107. 
3,030,000,000 184,000. 3840. 151. 
8,560,000,000 522.9 5430. 214. 
24,200,000,000 1,470,000. 7690. 302. 
1 
Column VI. n= - -, where / is length in inches of edge 





sV2l% of any of the 14 faces; the volume 
the solid is 8V 2". Its se cr 
section area is 7!?, or ——— 
10000 
expressed in sq. in.; its surface area 
is 12 (6+ 12V3). 


, 


m 
16390 ms 
12(6 + 12V3) 


Column VII. m = 


Column VIII. S’ = 
2(8V 21%) 
645.2 

Column IX. S = S&S atiave 
16390 


rived from the ‘‘grain size’’ estimated from the microsc« 
examination. 


| 


Conclusion. 


The statistical distribution of apparent grain sizes 
observed on a plane section may, unless logically consid 
ered, give an incorrect impression of the real grain size 
in the direction of indicating the presence of a larger pro 
portion of the smaller sizes than is in fact present. These 
considerations corroborate our general experience in lead- 
ing us to believe that none of the smaller grain sizes should 
be regarded as being comprised in the metal unless they ap- 
pear to be present, first of all, in clusters, and otherwise to 
the extent of, say, 10 per cent of all the grain sections; also 
that it is seldom useful to report more than a single grain 
size, except when there are considerable quantities of two 
separate sizes, this being an indication that the temperature- 
time schedule has been such that marked coarsening has be- 
gun but has not proceeded to completion. 
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Is Beryllium Ductile? 


hy W. Kroll 


Consulting Metallurgist, 
The Beryllium Corp. of Pa, 
Reading, Pa. 


™ INCE WOEHLER PREPARED BERYLLIUM in the 
form of powder, more than one hundred years ago, 
many investigators have claimed the element should be 

tile and have tried to prove this—unfortunately without 
ch success. For example, F. Fichter and K. Jablczynsky! 
rted that beryllium is ductile at high temperatures, but 
do not appear to have given sufficient proof of their 

n. The author himself? eleven years ago found that 
llium of 99.9 per cent purity is quite brittle under all 
litions and not rollable at all. On the other hand, 
an,* observing on a small sample of distilled metal 
bands at the Brinell impression, concluded from this 
beryllium was to a certain extent malleable, if quite 

| Using Sloman’s method, with certain improvements, 
writer* later distilled larger quantities of the element 
found no ductility. Hausser, Bardehle, and Heisen® 


Fic. 1. Disposition of the Crucible and Condensing Hood. 
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developed a method for making beryllium plates for X-ray 
windows by hot drop forging. This proved that a certain 
degree of malleability exists. 


General Aspect of the Question 


properties of the neighboring classes of elements. Its al- 
loys with other metals have a striking resemblance to those 
of silicon with the same. The equilibrium diagrams of 
the binary alloys of both these metals with Ag, Al, Cu, Zn, 
Ni and Fe have very similar characteristics. Beryllium, 
however, does not alloy with Mg, being dissimilar to Si in 
this regard. 

The malleability may depend to a large extent on the 
crystal structure. Beryllium crystallizes in the close 


Fig. 2. Furnace Head. 
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packed hexagonal system, but several autnors have sug- 
gested that perhaps two allotropic modifications prevail.® 
The hexagonal metals usually have a low ductility. It is, 
however, possible that beryllium, like Ca, when heated, 
changes its hexagonal crystal structure into another more 
malleable one. 

It is known that the binary alloys of Be and Al are mal- 
leable, even up to 70 per cent. The beryllium crystals are 
strained and show certain signs of ductility. But with 
higher beryllium contents, rolling gets more and more dif- 
ficult, and the alloy breaks up. The malleability of a 
metal must be considered from a practical point of view. 
We know some metals which are ductile when hot, but 
quite brittle when cold, like bismuth. Recent research 
has enlarged considerably our knowledge about metals of 
this type. For example, Cr, Ti and W can to some extent 
be hot rolled, but break when bent cold. Such metals are 
worthless for structural purposes, but are used for many 
special applications. In another group, we have the metals 
with good ductility in both the hot and cold condition, 
and it is these which are employed for general engineering 
work. Beryllium does not appear to belong in the latter 
class, and there seems no hope of ever seeing this metal 
used in light weight construction. 


The Distillation Method 
of Purification 


Brunner’ found that if beryllium is heated in hydrogen 
at 5 mm Hg in a BeO-tube at 1530 deg. C., it evaporates 





to the cold end. Sloman* has shown a way to prepare 
beryllium in a much purer state by distilling it in vacuum. 
The writer improved this method by working with larger 
lots in an absolute vacuum below 0.001 mm Hg, using a 
beryllia condensing hood. The vapor pressure of beryl- 
lium as a function of the temperature was given by Bauer 
and Brunner’. It boils, according to these authors, at 
3040 deg. abs. at 760 mm Hg, and at 1780 deg. abs. 
at 1 mm Hg. Its vapor-pressure appears, therefore, to be 
higher than that of Al and Si (1880 deg. abs. and 1910 
deg. abs. resp.) and lower than that of Mn (1540 deg. 
abs.). These figures, taken from a recent publication of 
Euken® probably should be accepted with caution. 

In distillation experiments of this type, the boiling char- 
acteristics of alloys must be taken into consideration. One 
may have a lowering of the vapor pressure from impurities, 
due to the formation of stable compounds. A typical case 
is that of manganese, the evaporation of which can be 
stopped almost completely by the addition of carbon. On 
the other hand, one may find as in the case of alcohol-water 
that some impurities like bismuth in lead, or nickel in 
iron, cannot be expelled completely by distillation as, start- 
ing from a certain low content of Bi in lead or Ni in iron 
mixtures of constant composition evaporate. 

Difficulties of this type are met with in the distillation of 
impure beryllium. For example, a small amount of mc‘al 
produced by Siemens & Halske, of about 99 per cent | 
ity, was distilled in a good vacuum, using the apparatus 
scribed below. The distillate and residue showed the 
lowing composition: 
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Distillate (17 g) Residue (23 g.) 


Al 0.24% Al 0.11% 
Si 0.036% Si 0.73% 
Fe trace Fe 2.08% 
Ni nil Ni nil 
Mn 0.38% Mn 0.35% 


Be by difference 99.344% Be by difference 96.73% 
Based on the vapor pressure curves of the pure metals, Al 
should enrich in the residue as it has a lower vapor pres- 
sure than beryllium. The contrary occurred. On the 
other hand, Mn should be enriched in the distillate, while 
curiously it is distributed equally in the residue and the 
distilled metal. This can be explained either by the uncer- 
tainty of the published vapor-pressure data, or by the ab- 
normal behavior of the impurities in the metal. This trial 
proved that separation is quite satisfactory for Fe and Si, 
while an increase is observed in the amount of Al in the 
distillate, and no separation for Mn. For distillation ex- 
periments with beryllium, one, therefore, should start from 
netal that does not contain these latter impurities. 
In general, it is most advantageous to distil metals in an 
tremely good vacuum, as the vapor pressure curve has a 
arithmic character, and a considerably lower temperature 
be used if the pressure is below a certain ‘‘turning- 
it.” Beryllium must be heated up to 3240 deg. T abs. 
rdinary atmospheric pressure to reach the boiling point, 
under these conditions no known refractory could 
| either the temperature or the chemical action. It was 
| that at a pressure below 0.001 mm Hg, Be evap- 
; satisfactorily at 1400 deg. C and that at this tem- 
ure no difficulties arise from the melting point of the 
nic materials. 
ryllium itself reacts with all known oxides, especially 
in « vacuum. It can be employed for preparing Ba and 


r —+ 


Ca from their oxides, a method now in use for making 
B a good vacuum. Al is reduced readily, and beryl- 
liu even alloys with thorium and zirconium, when heating 
the metal in crucibles of such oxides. Therefore, due to 


its chemical action, only beryllia can be used as a container 
for melting beryllium in a vacuum. These facts were 
recognized by Brunner and Sloman. 





Fig. 4. Pea-Size Drops of Beryllium. 


Apparatus for Distillation 


The apparatus used in these experiments for distilling 
beryllium is shown in the Figs. 1, 2 and 3. The metal is 
put into a crucible of sintered BeO, and this placed into a 
larger one of alundum with BeO-powder tamped between 
(Fig. 1, Detail A). Over the BeO crucible is placed a 
condensing hood of the same diameter, but about twice as 
long. An opening through the top of this hood allows 
control of the melting process and enables readily volatile 
elements to escape into the furnace tube. This whole as- 
sembly is placed in a quartz tube provided with a special 
head that is water cooled and tightened with pizein 
grease. Fig. 2 (Detail B) gives this head in more detail, 
Connection with the diffusion Hg-pump is made by means 
of a flexible tombac-tube. (Fig. 3) A discharge tube en- 
ables some control of the vacuum. A Hg-trap, cooled 
with liquid air, avoids contamination by mercury vapor. 


Fig. 5. Compared Spectrograms of Beryllium, Starting and Distilled Metal. 


24 en 26 


Pa dais 5 


! | : : | : , | 
: a 
” <All page tran aus en ee ‘itt 


‘ 


2/ 28 29 30 


‘da. 


Distilled 1 ase viz. 99. 1 To-- ee 








4 


Starting metal-Scheideanstalt, 99. 8% - 
34 35 36 37 38 39 40 
! 


; 





DECEMBER, 1937 


351 






































met — 2795 











Al 





Distilled metal, viz 99.95% ~ ,/ 
Starting metal, Scheideanstalt,99°8%-~ 


Fig. 6. Compared Spectrograms of Different Impurities in Beryllium. 


If needed, supplementary cooling by means of compressed 
air, can be provided below the sealed head. 

Melting is done by means of a high frequency induction 
coil that is only as high as the crucible itself, so that only a 
small action of eddy currents takes place in the condensed 
metal. One begins by melting the Be under argon without 
the condensing hood. The temperature is raised at least 
up to 1500 deg. C., so that all humidity, salts, alkaline and 
alkaline-earth metals are expelled. After cooling down tc 
about 1000 deg. C., the furnace tube is quickly opened, the 
condensing hood put on top of the crucible, the conical 
head tightened again on its seat, and pumping begun cau- 
tiously, the temperature being increased slowly. If dis- 
solved gases are present, they escape from the molten metal 
with the formation of bubbles. At this moment, one must, 
therefore, heat with great care. The evaporation begins 
after the gases have been pumped off, at 1300 deg. C. The 
best temperature for distillation is located at about 1400 
deg. C. One can observe that beryllium deposits either in 
the shape of drops (Fig. 4) or as a continuous film or a 
thick sheet. Drops are formed if the temperature of the 
condensing hood walls is higher than the melting point 
of beryllium, and if simultaneously the vapor pressure in 
the distilling chamber is raised to such an extent that liquid 


Fig. 7. Residues of Beryllium, Siemens and Halske. 


metal on the walls remains in equilibrium with the vapor. 
If one heats more cautiously, and if the vapor pressure « 
beryllium in the distilling chamber remains low, only thin 
films or sheets are deposited. In this case, beryllium gr 
as dendrites, often several centimeters long. 

The sublimation of beryllium does not seem to be « 
siderable, in comparison with certain metals, like Cr or 
It appears from this that measuring the pressure extern: ||y 
of the crucible itself is of little value, as one can have a 
pressure of a certain millimeter of beryllium vapor in the 
distilling chamber in the center of the condensing hood 
which will be quite different from that measured at the } g- 
pump. The discharge tube gives a good picture of the 
prevailing “external pressure.” If the discharges of an 


induction coil on the parallel spark gap reach 2 in., °nd 
simultaneously no glow is visible in the discharge tube with 
the electrodes 100 mm. apart, the vacuum is below 0.001 
mm. Hg. 


A Good Vacuum Essential 


A good vacuum is essential for a rapid distillation, and 
a clean product. Beryllium, like all alkaline earth metals, 
has a strong affinity for most gases and it acts as a good 


Fig. 8. Distilled Beryllium of Highest Purity (99.95%) 
Hand-Forged. 
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getter for N, and O,. In order to insure maintaining a 
high vacuum, the metal parts of the head have to be ma- 
chined either from forged metal or from cast bronze im- 
pregnated with tin solder. Grinding of the conical joint 
has to be made with the greatest care and precision. 

The purity of the distillate depends of course on the 
duration of the distillation, and on the quantity of metal 
one leaves as residue. The less volatile impurities like Cu, 
Fe and Si, may finally go over to a certain extent, if one 
prolongs the operation. It is therefore preferable to drive 
off only two thirds of the charge. For example, when 
using 25 g of raw beryllium, one can distill 15 to 17 g. 
without danger of contamination by Cu, Si and Fe. The 
residue, in this case, contains much Cu, Si, Fe, carbides, 
oxides and nitrides. 

The best results ever obtained in the purification of 
beryllium came from using an especially purified metal, 
provided by Deutsche Gold-und Silver-Scheideanstalt, with 
at least 99.8 per cent Be. It was prepared from carefully 
hosen raw materials, and contained only 0.1 per cent of 

u + Si + Fe + Al and 0.1 per cent BeO (See spectro- 
erams (Figs. 5 and 6). Mn and Ni were completely ab- 

nt. The two kinds of commercial beryllium, which may 

employed, are either prepared by the Stock-Goldschmidt 
ethod in a fluoride bath (Siemens & Halske) or by the 
loride electrolysis (Beryllium Corp. and Deutsche Gold- 
| Silberscheideanstalt). The commercial metals result- 

- from both processes differ in respect to their impur- 

s. The first, in general, has more carbides and Mn, 

ile the latter often contains much Al, but is free from 

n. Therefore, the first gives a distilling residue like that 

Fig. 7, due to the very sluggish bath. (See carbides.) 

e separation of Al from the raw materials of the chlor- 

electrolysis is not easy, and it is this impurity, especial- 

that cannot be eliminated by the distillation process. 

A chemical analysis of the obtained distillation products 
hos been given above. At high purity, only spectrographic 
methods enable getting reliable data with small samples. 
Therefore, control was perfected only by means of the spec- 
trograph in the case of high purity beryllium, 99.8 per 
cent. The Figs. 5 and 6, give a comparison of the spectra 
of the essential impurities in the raw material 99.8 per cent 
and in the distillate. It can be seen that the purification 
was exceedingly good. Almost all the iron disappeared. 
An improvement can be observed in the Al content, and 
Cu and Si are barely traceable. This distilled metal has 
been forged after being heated by an acetylene-oxygen 
blow-pipe. Fig. 8 shows that it is malleable, but some 
cracks appear on the corners. The hardness found in this 
beryllium, that certainly reaches 99.95 per cent purity, was 
111 Brinell at 187.5 kg. load, 2.5 mm. ball, 1 minute. 
The metal was in the slowly cooled condition. Compar- 
ison with an Al, Hoopes, 99.9973, per cent proved that 
this metal had a similar degree of purity. 

At the present time, we have ignored which elements 
are obnoxious to the ductility of beryllium. Sloman sup- 
poses that apart from Fe, Si and carbides, oxygen may 
interfere. He therefore condensed his metal on a water- 
cooled quartz hood. There is no indication that this sup- 
position is right or wrong, but if BeO makes beryllium 
brittle, we would not, in the future, expect to see beryllium 
sheets or wire on the market, the only non-reacting ceramic 


material for melting and distilling beryllium being bery]- 
lium oxide. 
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Fig. 9. Distilled Beryllium, Lower Grade, Hot Rolled, 
Strained 15 to 20 x 0.5 to 0.7 mm. thick. 


Due to the cost of the refined 99.8 per cent raw material, 
other trials were conducted with a commercial beryllium 
(Deutsche Gold-und Silberscheideanstalt) 99.5 per cent 
the remainder being essentially Fe and Al. The dis- 
tilled metal, in the shape of small drops, was heated in a 
BaCl,/CaCl, (25/75 per cent) bath to a temperature of 
about 800 deg. C. by plunging it below the salt surface 
with tongs. It was carefully rolled and appeared to be, to 
a certain extent, malleable. Fig. 9 shows the resulting 
sheets, 0.5 and 0.7 mm. thick. After cogging, further 
rolling is quite easy. It seems that first the rough crystal 
structure has to be broken up and, after this, rolling pro- 
ceeds quite well. Cracks occur regularly at the beginning, 
but only along certain crystal surfaces on the borders. 
Therefore, it seems that in the future the metal may have 
to be remelted under a noble gas, and poured in an iron 
mold to produce a finer grain in attempting to get a more 
readily rollable material. The sheets are brittle as cold, 
even after annealing. Their whole behavior resembles a 
great deal that of rolled Cr or Bi. Although, this is a 
serious obstacle to the use of pure beryllium as an engineer- 
ing material, it is possible there will be growing interest 


in the metal for specialized uses, such as in X-ray work for 
windows and filters. 


Conclusions 


Very pure beryllium refined by distillation in a good 
vacuum and condensed on beryllium oxide is to some ex- 
tent malleable when hot. Sheets could also be prepared 
from a less pure distilled metal by hot rolling. They show 
cracks on the corners, and are quite brittle as cold. Cold 


brittleness appears to be a physical property of the element. 
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A CORRELATED ABSTRACT ON 


Corrosion and Corrosion-Resistant 


hy V. V. Kendall 


tion Editor, Current Metallurgical Abstracts 
METALS AND ALLOYS. 


is is the second installment of the author's correlated abstract 
pers delivered at important symposiums during 1936. The 
ippeared in the November issue which covered ferrous prod- 

This one reviews non-ferrous metals and alloys. The sym- 
ums included in the entire abstract are described in the first 
list the 


llment and should be consulted. The references 
from the different symposiums as abstracted. 


i ickel and Its Alloys 


he papers by Geiger®®, McKay*! and LaQue** give 
ealth of data on nickel and nickel-base alloys. More- 
these are readily available so only an outline of recent 
developments will be given. Nickel and its alloys fall 
in the five groups: (1) pure nickel, including nickel-clad 
steel; (2) Monel, including regular Monel, K-Monel, that 
can be hardened by heat treatment; and two special vari- 
eties of cast Monel having extra hardness, and known as 
grades H and §; (3) Inconel, including Inconel-clad 
steel; (4) the Hastelloys A, C, and D; and (5) Illium. 
In considering the various corrosive media, McKay and 
Worthington (‘Corrosion Resistance of Metals and Al- 
loys, 1936) divide them into 10 groups: Air, soil, acids, 
oxidizing agents, natural waters, salts and brines, organic 
materials and foods, high temperatures, sulphur com- 
pounds, and alkalies. Furthermore, using the measure of 
corrosion rate—mg./sq.dm./day—he divides this value into 
the following ranges: 


Rates below 10 are so small as to be usually harmless. 
From 10 to 100, rates become appreciable and in the 
neighborhood of 100, they need careful consideration. 


From 100 to 500, corrosion is serious, and figures above 
500 usually indicate unsuitability. 


This is the first attempt to transfer quantitative corrosion 
data into terms that mean something in economic life. It 
affords a very valuable yardstick. For instance, nickel is 
tated as follows: 
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Fig. 1.—Pure Nickel Reaction Kettle Used in the Manufacture 


Phenolic Resin. (Courtesy: International Nickel Co.) 
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Lig. 2.—Inconel Vessel Used ii the Preparation of Food 
Extract. (Courtesy: International Nickel Co.) 





Strong acid 10— 200 
Weak acid 10 — 60 
Oxidizing acid 1,000 — 10,000 
Caustic alkali 0— 1 
Fresh water 0— 1 
Salt water 0— 6 
Ordinary atmosphere 1— 2 





Fig. 3.—Evaporator Equipped with Monel Tubes for Con- 
centrating Zinc Chloride. (Courtesy: International Nickel 
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Of the 10 groups, six—air, soil, acids, oxidizing agents, 
natural waters, salts and brines, organic materials and 
foods, and alkalies are well resisted by nickel. Three 
others are reasonably well resisted. In acids where oxi- 
dizing agents are present, corrosion may be quite rapid, 
In high temperatures, nickel forms a protective scale when- 
ever oxygen is present and is not otherwise readily acted 
upon except by sulphur compounds. Sulphur, aside from 
sulphates, is active on nickel both in acid solutions and at 
high temperatures. For special applications nickel-clad 
steel has been quite successful. A nickel layer, usually 10 
per cent of the total thickness of the plate or sheet is 
bonded to the steel so that the final product can be rolled 
into plates or sheets. It is easily joined by welding. 

Monel metal, which is a so-called natural alloy of 68 
per cent Ni, 29 per cent Cu, is the most widely used of 
the nickel alloys. Monel probably possesses a useful re- 
sistance to a greater number of corrosive media than any 
other metal. The latest development in the Monel alloy 
is the addition of 3.5 per cent aluminum to produce K- 
Monel and the addition of 2.75 and 3.75 per cent Si to 
produce H- and S-Monel, the H and S being available only 
in the cast form. 

The K-Monel is a precipitation-hardening alloy which, 
from the standpoint of resistance to corrosion is approxi 
mately the same as regular Monel. Cold-drawn K-Monel 
in the form of rods can be made with breaking streng '1s 
as high as 165,000 lbs. per sq. in. and hard-drawn sp 
wire as high as 175,000 to 200,000 lbs. The corro 
resistance of the Monels differs in degree only and they « in 
be considered as a group, the use of a specific Mone 
pending upon physical properties rather than corro: on 
resistance. 


_ 


Inconel was introduced in 1931 and has the comp: si- 
tion 79-13-7 Ni-Cr-Fe. It was developed primarily tc c- 


sist corrosion and tarnishing by foods, especially c. ry 
products and fruit juices, for which it is excellent. At ‘he 
same time its composition is such as to make it resistan’ to 


a great variety of corrosives, and its more general us° in 
industry is increasing rapidly. In strongly oxidizing «cid 
solutions, Inconel is practically free from attack. How- 
ever, the oxidizing effect of dissolved air alone is not s if - 
ficient to insure complete passivity and freedom from at- 
tack by air-saturated mineral acids or concentrated organic 
acids. The high nickel content provides excellent re- 
sistance to corrosion by alkaline solutions. There are also 
a number of alloys available containing from 60 to 80 pet 
cent nickel and from 13 to 20 per cent chromium with the 
remainder mostly iron, which are used principally for heat- 
resisting purposes. In general, their corrosion-resisting 
characteristics are similar to those of Inconel. 


The Hastelloys were developed for specific purposes. 
Hastelloy A (58-20-20-2 Ni-Fe-Mo-Mn) was developed 
primarily as a material to resist corrosion by hydrochloric 
acid. Hastelloy C (58-6-14-17-5 Ni-Fe-Cr-Mo-W), 
which is available only in cast form, possesses an unusual 
degree of resistance to oxidizing solutions, especially those 
containing chlorides, in addition to other corrosive chem- 
icals. It is very resistant to hypochlorite solutions and 
moist chlorine. Hastelloy D (85-3-2-10 Ni-Cu-Al-Si), 
also available only in cast form, is resistant to all con- 
centrations of sulphuric acid at temperatures up to the boil- 
ing point. 

Ilium  (56-8-24-4-1-1.5-2 Ni-Cu-Cr-Mo-Si-Mn-W), 
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available only in cast form, was developed as the result of 
a search for a material resistant to both sulphuric and nitric 
acids over a wide range of concentration and exposure 
conditions. It is superior in applications under highly 
oxidizing conditions, such as nitric acid, and has limited 
applications in hydrochloric acid and acid chlorides. | 
Another recent development is the corrosion-resistant, 
hard surfacing material known as Colmonoy**. The No. 
6 grade has a nickel base of about 75 per cent. Another 
essential constituent is chromium boride. This material 
produces deposits having a hardness of 58 to 60 Rockwell 
C (545-575 Brinell) and the deposits are resistant to min- 
eral and organic acids and to alkalies. The coating ma- 
terial may be deposited by oxyacetylene or metallic arc 
welding, or may be cast on by pouring the molten alloy 
at from 2350 to 2500 deg. F. into a suitable mold con- 
taining the base metal preheated to from 1200 to 1400 deg. 
F. Colmonoy No. 6 is used for pump sleeves, pump rods, 
im collars, etc., and for plug cocks to counteract galling or 
izing tendencies. 3 
The physical properties are liberally covered in tables. 
particular the papers of Geiger*® and the second part 
LaQue*? on the heat treatment, machining, and welding 
Monel, nickel, Inconel, and Hastelloy. 


uminum and Its Alloys 


sistance to corrosion, lightness, and strength are the 
erties that have been responsible for the growth of 
iinum and its alloys and also magnesium. The re- 
nce to corrosion of aluminum and aluminum alloys 
rgely the result of their film-forming characteristics. 
excellent summary of the corrosion resistance of 
| minum and aluminum alloys is given by Dix and 
\. ars8® as follows: 
itmospheric Exposure: Pure aluminum or the resistant aluminum 


ire little affected by even rather long periods of exposure to the 


here in a wide range of different locations. If it is desirable that 


ht surface be maintained, the alloy should generally be Alumi- 


Varine Exposures: The Alclad aluminum alloys and 52S and 53S 
al ghly resistant to sea water or salt spray. 
Veutral Salt Solutions: Aluminum and many of its alloys -are little 


affected by solutions of most neutral salts. The halogen salts are more 
act so that special precautions must sometimes be taken if aluminum 
is be used in direct contact with their solutions. 


1. Alkaline-Salt Solutions: Aluminum is generally attacked by alka- 
line salt-solutions. This attack can be inhibited by the addition of 
sodium silicate, 

Acid-Salt Solutions: Solutions of salts of the heavy metals having 


an acid reaction are generally quite corrosive to aluminum. This is 
especially true for the halogen salts. Oxidizing acid salts, such as po- 
tassium dichromate, generally do not attack aluminum. 

6. Mineral Acids: Either very dilute or very concentrated nitric or 
sulphuric acids have little effect on aluminum. Intermediate concen- 
trations are quite corrosive. Sulphurous acid attacks aluminum only 


slowly at concentrations up to 1 normal. Boric acid has very little ac 
tion on aluminum, even up to saturated solutions. However, the halo- 
gen acids are quite corrosive. 

7. Organic Acids: Most organic acids do not have much effect on 
aluminum unless they are almost devoid of water. However, formic, 
oxalic, and msno- and tri-<hlor acetic acids are rather corrosive. 

8. Alkalies: Sodium- and potassium-hydroxide solutions readily attack 
aluminum at all but the lowest concentrations. Ammonium hydroxide 
does not seriously attack aluminum. 

9. Organic Solvents: Aluminum is not appreciably attacke1 by a wide 
range of organic liquids. However, some, e.g., the alcohols, do attack 
aluminum if completely anhydrous. 

10. Gases: Dry gases are generally inert to aluminum. Many moist 
Rases such as ammonia and hydrogen sulphide also have little effect on 
aluminum while some other moist gases have slight action. Moist 
chlorine is decidedly corrosive. 


The demand for corrosion resistance and strength com- 
bined with lightness, as exemplified in the aircraft industry 
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Fig. 4.—Eros, an Aluminum Statue, Has Been Exposed to 

the Fog and Grime of London since 1893. An examination 

about a year ago disclosed the fact that it was in excellent 

condition and unaffected by industrial atmosphere. (Cour- 
tesy: Aluminum Co. of America.) 


has furnished a logical outlet for aluminum alloys and we 
find the duralumin type alloy 17 S-T (4 — 0.5 — 0.5 
Cu — Mn — Mg) as the standard for this purpose. The 
24S alloy (4.2 — 0.5 — 1.5 Cu-Mn-Mg), however was 
later developed for higher strength and is superseding al- 
loy 17S in aircraft work but not in other fields.*® 

There has been considerable development in recent years 
of coatings, particularly of metallic coatings of the nature 
of Alclad, nickel-clad, etc. The use of such metal coat- 
ings removes the necessity of painting, which is an advan- 
tage, varying with the application of the material. The 
aircraft industry has offered an almost made-to-order mar- 
ket for aluminum alloys and much use has been made of 
Alclad for that purpose. 

The other aluminum alloys have not suffered in their 
application to other industries, however. The addition of 
a small amount of chromium to 51S (1 — 0.6 — 0.25 
Si-Mg-Cr) has improved that alloy for forging. The 
common wrought alloys contain varying amounts of man- 
ganese, Magnesium and chromium. 
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Table V.—Typical Physical Properties of Copper and Its Alloys 











Coppers: 
‘ ene : ey Modulus 
Tensile strength, Elastic limit, Elongation, Rockwell B Coefficient Elec- of 
Ib. per sq. in. Ib. per sq. in. per cent hardness Melting Density, of trical Thermal elasticity 
; c * et oa — A —_—_——, point, lb. per expan- conduc- conduc- _ 
Material Hard Soft Hard Soft Hard Soft Hard Soft Cc cu. in. sion tivity? tivity? per sq. in 
Electrolytic copper.. 55,000 30,000 50,000 0 5 50 953 20% 1083¢ 0.322 0.0000177¢ 101.0 0.923¢ 16% i08° 
Phosphorized copper. 58,000 34,000 55,000 0 5 50 983 233 1083 0.322 0.0000177 74.7d 0.727d 16 108 
Arsenical copper..... 60,000 35,000 56,000 6,000 5 45 98 3 233 1083 0.322 0.0000177 50.0¢ 0.398¢ 16% 108 
Argentiferous copper 
(4 to 12 oz, silver 
RD 55,000 30,000 50,000 0 5 50 95 20 1083 0.322 0.0000177. 101 @ 0.923¢ 16108 
Brasses": 
Red brass 
(85 Cu, 15 Zn).. 89,000 45,000 85,000 15,000 4.5 43 89 3 1020 0.316 0.0600187 37.0 0.38 15 108 
70-30 Brass 
(70 Cu, 30 Zn).. 95,000 53,000 91,000 16,000 7 51 93 15 955 0.308 0.0000199 27.58 0.290 15%“ 108 
High brass : 
(65 Cu, 35 Zn).. 93,000 51,000 73,700 18,500 2 50 90 30 930 0.306 0.0000202 26.8 0.285 15 x 10! 
Admiralty 
(71 Ge, 28 Zn, 
t ke eee 100,000 53,000 98,000 18,000 4 67 95 15 935 0.308 0.0000202 24.65 0.263 15 108 
Aluminum brass 
(76:4, 22 2a, 
errr 83,000 62,000 75,000 16,000 5 52 86 33 970 0.301 0.0000185 22.56 0.240 15 108 
Muntz metal : 
(60 Cu, 40 Zn)... 88,000 59,000 82,000 15,000 5 52 91 24 905 0.304 0.0000208 28.60 0.300 15 108 
Commercial bronze ? 
(90 Cu, 10 Zn)... 67,000 37,600 55,000 15,600 3 40 75 1 1045 0.318 0.0000182 40.90 0.446 15x 108 
Roman or Tobin 
bronze (60 Cu, 
39.25 Zn, 0.75 Sn) 90,000 54,000 70,000 15,000 4 40 93 55 885 0.304 0.9000211 24.93 0.279 15106 
Bronzes’: 
5 Per cent phosphor 
NESE SS Sere 105.000 51,000 85,000 15,000 7 55 91 30 1050 0.320 0.0000178 18 0.20 15 
(95 Cu, 5 Sn, 0.05 P) 
8 Per cent phosphor 
ID  . «in tie be . 110,000 55,000 90,000 15,000 3 60 99 38 1030 0.319 0.0000182 13.61 0.154 14 
(92 Cu, 8 Sn, 0.05P) 
10 Per cent phosphor 
a re .. 115,000 60,000 95,000 16,000 5 65 100 52 1000 0.317 0.0000183 10.6 0.121 15 
(89.5 Cu, 10.5 Sn) 
Aluminum bronze... 134,000 76,000 110,000 30,000 13 55 99 69 1060 0.293 0.0000165 15.23 0.173 15 
(92 Cu, 8 Al) 
Silicon bronze, type A 120,000 67,000 103,000 24,00C 10 60 99 65 1000 0.308 0.000017 8.07 0.086 
Silicon bronze,type B 90,000 42,000 80,000 12,000 10 60 84 20 1030 0.313 0.000017 11.0 0.116 
Copper-Nickel Alloys’: 
Cupronickel ........ 80,000 49,000 75,000 18,000 3 42 87 21 1200 0.321 0.0000159 6.47 0.087 
(80 Cu, 20 Ni) 
Cupronickel ........ 84,000 49,000 80,000 18,000 4 50 87 20 1220 0.323 0.0000162 4.75 0.093 
(70 Cu, 30 Ni) 
20 Per cent nickel 
eee * iNGscecksas 81,000 49,500 78,000 16,500 5 44 86 12 1150 0.321 0.0000164 4.8 0.069 
(70 Cu, 10 Zn, 20 Ni) 
18 Per cent nickel 
ee . ieee cl ks 100,000 54,500 80,000 18,000 5.5 42 94.5 40 1110 Boner 2 temas cos 5.91 0.080 
(64 Cu, 18 Ni, 18 Zn) 
10 Per cent nickel 
Fe EP RF 2 90,000 50,000 75,000 18,000 3 $5 90 52 1010 8 ee ae 8.27 0.110 


(65 Cu, 25 Zn, 10 Ni) 





1 Per cent of International Annealed Copper Standard. 


2 Cal. per sq. cm. per cm. per sec. per C. at 20 C. 


% Hardness numbers for the coppers is in Rockwell F; all others, Rockwell B. 


a Circular No. 73, U. S. Bureau of Standards. 
b Scientific Paper No. 410, U. S. Bureau of Standards. 


c “Arsenical and Argentiferous Copper,” J. L. Gregg. 


d‘*Thermal and Electrical Conductivities of Copper Alloys,’’ C. S. Smith and E. W. Palmer, A.I.M.E. Tech., Bull. No. 648, 1935. 


e Data based on information published by Revere Copper & Brass, Inc., American Brass Co., and Chase Brass & Copper Co. 





Reviews of the many aluminum alloys are given by Dix 
and Bowman**, Fink**, Dix and Mears*®. The structural 
factors to be considered in their application to structural 
design are covered by Jeffries, Nagel and Wood*’, Hart- 
mann** and Winston.*® Rdhrig** discusses the applica- 
tion, handling, cleaning, etc. of aluminum. The anodic 
oxidation of aluminum and its industrial application is also 
discussed by Miyata**. The magnesium alloys are rapidly 
coming to the front in aircraft and structural applications 
and further decrease in production costs should result in 
their extended use.*° 


Copper and Its Alloys 


Copper and its alloys have been discussed by Davis, *' 
Crampton*?, and Wilkins.‘ Wilkins gives a review of 
117 references. Although not in the symposium but of 
considerable interest is the article of Silliman** on the 


358 


beryllium-copper alloys. Beryllium-copper, which contains 
from 2.0 to 2.25 per cent Be, when quenched from about 
800 deg. C. produces a ductile, malleable structure which 
can be cold-worked by commercial practices such as rolling, 
drawing, swaging, pressing, etc. It can be hot-worked at 
temperatures below about 775 deg. and above 575 deg. 
Reheating after forming hardens and strengthens the al- 
loy. It is used for springs or for articles requiring high 
corrosion resistance, high resistance to fatigue and high 
resilience. 

Typical physical properties of the coppers and coppet 
alloys are given in Table V. Some of the more recent 
developments can be noted. Aluminum brasses have 
shown remarkable resistance to impingement type of at- 
tack but, under certain conditions, are subject to dezincifi- 
cation. The addition of tin has corrected this tendency. 
The following figures*? which are the result of water-line 
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tests carried out on a number of samples of each alloy, 
using dilute sea water for 100 days at 60 deg. C., illus- 
trate this fact: 


Original Original 
strength elongation 


Co Al Sn 2m lost by lost by 

% % % fo corrosion corrosion Type of attack 
70 ye 1 29 6 25 Layer type dezincification 
76 2 iss 22 45 79 Plug type dezincification 
8 2 1 17 1 14 General thinning 


Arsenic has been added to brasses to prevent dezincifica- 
tion but such brasses are subject to intercrystalline attack. 
The addition of antimony shows no such tendency.‘ The 
data below are the result of water-line tests conducted in 
a solution of 0.5 per cent sodium chloride and 0.5 per cent 
malic acid at 60 deg. C. for 30 days: 


Original 
tensile Original 
strength elongation 
Sb lost by lost by 
% corrosion corrosion Type of attack 
$y cet 42 68 Layer type dezincification 
0.007 8 19 Layer type dezincification 
0.02 5 15 General thinning 
0.09 4 16 General thinning 
saat 45 77 Plug type dezincification 
0.06 5 9 General thinning 
ekiaia 30 62 Layer type dezincification 
0.06 3 3 General thinning 


[he nickel-aluminum bronzes are relatively new. The 

ipitation hardening type is particularly useful. Two 

alloys are available.*? One contains about 91 per 

Cu, 7.5 per cent Ni and 1.5 per cent Al, and the other 

ver cent Cu, 15 per cent Ni and 3 per cent Al. The 

alloy can be extensively worked either hot or cold 

is also capable of considerable precipitation hardening. 

nds application in propeller shafts and similar struc- 

where a hard, high-strength, tough, corrosion-re- 

it alloy is necessary. The second alloy is readily hot- 

ed but can be cold-worked relatively little and then 

with difficulty. It is hard and strong and is quite 

susceptible to precipitation-hardening treatment. It finds 

1pplication to parts of such size and form as to lend them- 

; to fabrication hot and where a material is desired 

v great strength, hardness, abrasion resistance, and cor- 
rosion resistance, along with ability to be age-hardened. 

\ unique recent development has been the production of 
composite tubes to be used as condenser or heat exchanger 
tubes in oil refineries‘? These tubes are commercial 
bronze on the side exposed to water and admiralty brass 
on the side exposed to oil. There is only a slight differ- 
ence in the coefficient of thermal expansion and, in pro- 
duction, no particular annealing, pickling or scrap dis- 
posal problems arise. 

An important innovation in the welding field is that 
of non-fuming brazing rod. The addition of either beryl- 
lium or silicon to Muntz metal type brazing rod suppresses 


the zinc fume produced when brazing with the old type 
rod, 


Lead 


The properties of lead, with data on corrosion resistance, 
are given by Hiers.**. 47 Recent developments have ex- 
tended the uses of this age-old metal very considerably. A 
new type of chemical lead containing 0.04-0.08 per cent 
Cu and also 0.02 per cent Bi has been produced which is 
Said to possess some advantages in mechanical properties 
Over standard chemical Jead. 

Tellutium lead (0.05% Te) is the most important de- 
velepment in the lead field. It has unusual resistance to 
hot concentrated sulphuric acid, has a higher fatigue limit 
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Fig. 5—Aluminum Scoops and Shovels are Beginning to 

be Used Exclusively in Industries Where it is Imperative 

that the Metal Does Not Attack the Product and Vice 
Versa. (Courtesy: Aluminum Co. of America.) 





Fig. 6.—A Five-Sided Fuel Tank of Herculoy for Diesel 
Coast Guard Boats. (Courtesy: Revere Copper and Brass, 
Inc.) 
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Fig. 





A Herculoy Tank for the Water System of the Library of 
Congress. The lower section is 7 ft. high and 6 ft. in diameter. 
The tank is lined with block tin. (Courtesy: Revere Copper and 


Brass, Inc.) 





than pure lead, and can be work-hardened. The addition 
of tin, antimony and cadmium to lead has received some 
consideration in England but they have not found applica- 
tion in this country. Higher tensile strength is obtained 
but corrosion resistance does not seemed to be improved. 

The addition of calcium to bearing alloys has been a de- 
cided improvement. For telephone cable sheathing, 0.03 
to 0.04 per cent Ca has resulted in an alloy of higher 
strength and a relatively high endurance limit with a cor- 
tosion resistance equal to that of the lead or the 1 per cent 
antimonial lead frequently used as cable sheathing. For 
chromium plating tanks, a 7 per cent Sn-93 per cent Pb 
alloy is recommended. In the production of high-purity 
commercial zinc (99.97%), it has been found that the 
addition of 1 per cent silver to lead forms an insoluble 
anode. 


Zinc 

The position of zinc in the world of metals has been 
that of a protector of steel and its use for this purpose is 
reviewed by Anderson.*® Pure zinc sheet when strength- 
ened by the addition of small amounts of cadmium, copper 
and magnesium, is now being marketed in the form of cor- 
rugated roofing sheet.47 A new type of zinc-coated steel 
wire has been recently developed. The coating, consisting 
of electro-deposited high-purity zinc, is applied and then 
the wire is treated mechanically to give it a uniform end 
smooth surface. This product is expected to be more 
serviceable than ordinary galvanized iron or steel wire 


Silver 


Considerably more silver equipment is produced th. » is 
generally realized. Certain chemicals require processin« in 
silver. The production of phenol requires the use «{ a 
large amount of silver. The food industries, the pi oto- 
graphic industry and the acetate division of the rayo: in- 
dustry are all examples of the use of silver. The apy ‘ica- 
tions of silver, gold, platinum and tantalum are discussed 
by Lee.*® 
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A Few Chuckles 


The ‘‘Body’’ of Steel 


This is an untouched micrograph, at a magnification of 1000 
diameters, of a tiny area observed by J. R. Vilella, of the United 
States Steel Research Laboratory, Kearny, N. J., in the course of an 
examination of a polished and etched section of a piece of steel. 

[his picture should strengthen belief in the substantiality of the 





“body’’ of steel, or of some part of it, at least. It also looks some- 
thing like a French postage stamp, and so suggests ‘‘timbre.”’ 
Some may prefer to regard the figure as being that fickle goddess, 
the spirit of steel. She is clearly a high-brow and has, like the 
S-curve, a distinctive nose, but is, like justice, apparently blind, 
all of which has inclined us to call her NO-SEE. This, we are 
unreliably informed, is the term anciently used in some parts of 
China to designate this essential attribute of steel, hitherto so 
elusive, It is a fine, though not unusual, example of a name 
which emphasizes the more significant aspects of the subject by 
directing attention towards features which are absent or largely 
irrelevant and anthropomorphous.—JOHN JOHNSTON. 


“Spanish Metallurgical Progress’’! 


The following clipping from the Oct. 15, 1937, issue of the 
Baltimore Evening Sun, illustrates Spanish ordnance metallurgical 
Progress! It was titled “Franco Uses Shell That Melts Steel.” 


. London, Oct. 15 (AP)—A new German shell that melts 
iron and steel is being used by Franco's forces, says Prince 
Hubertus Loewenstein, the German author, who recently 
returned from Republican Spain. 

“The shells, with a specially prepared termite filling, are 
fired by ordinary anti-tank guns. Exploding inside the tank, 
they develop a heat of 4,000 degrees Centigrade, by which, of 
course, steel and iron melt like snow,” Prince Hubertus said. 
(Italics supplied. ) 


: A. P. CALVERT, Lieut., U.S.N. 
Naval Eng. Exp. Station, Annapolis, Md. ‘ 


DECEMBER, 1937 


That Hungarian Postcard! 


The Hungarian postcard shown on page 220 of the August issue 
of METALS AND ALLOoys was deciphered by about a dozen readers. 
Instead of calling us to account for some sin of omission or com- 
mission, it turns out to be an admonition to enlarge our best 
snapshots! Some readers indicate that the card was probably copied 
from some “ad.” and not by a native Hungarian, possibly by a 
spoofingly inclined tourist. The signature has been given by the 
various translators as “Manu Porpria,”’ ‘J. E. Marossy,” “J. J. 
a Hny,” “F. Jeno Foldy,” “J. K. Harry,’’ “Jean Dobozy,” “F. J. 
Dony’ and ‘*;#,,(*—134—$"&) ouch!! 

We insist that, should anybody want to call us a son of some- 
thing in Hungarian, hereafter he sign his name in English.- 
H.W.G. 

Two translators, who sent in their replies practically simultane- 
ously, were awarded subscriptions. They were Julius D. Madaras, 
Madaras Motor Power Corp., Detroit, and Olga Zeiger, The Wm. 
D. Gibson Co., Chicago. The translators all sent in practically 
the same interpretation, except of course the signature.—Editor 


Of Interest to the High Temperature 
Metallurgists! 


The cartoon, here reproduced, suggests that perhaps even 


“artists” and “Collier’s’’ are getting high temperature minded.— 
N. L. Mochel. 











“We musta let it hang out in the sun too long.” 


{The cartoon is reproduced by permission of Collier's. The 
artist is Reamer Keller.—Editor. ] 
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Fact? and Fiction 


“Sooner or later some part, crystallized by long use, would 
snap, and then * * * *,” Deep Harbor, by J. Hawkins, Colliers, 
Nov. 4, 1937, p. 56. 

“Buick connecting rods have a new non-crystallizing babbitt,” 
A. M. Wolf, S.A.E. Journal, Nov. 1937, p. 495. 

We can stand it in a piece of fiction, for one doesn’t expect 
non-technical editors to bother about technical precision, but it 
becomes something more than amusing when a technical journal 
uses the terminology of the garage mechanic.—H.W .G. 


Letters to the Ea 


Research 


To the Editor: The editorial “Research’’ in the August issue 
like most of the editorials in METALS AND ALLOYS, was read with 
a great deal of interest. The second paragraph, however, was 
read and reread with mixed feelings and calls for some com- 
ment—not so much from the view of a sin of commission but 
rather, in the mind of one consultant, of omission. 

The last word is often that which creates the more lasting im- 
pression in the eyes of the reader, the impression in this case 
being that, first, research pays—which it does—when properly 
planned and carried out (incidentally, thanks for the boost) but 
second, that the small company not organized for research must 
turn to the richly endowed institution. Why? 

These institutions serve a useful purpose of course. They 
have notable successes to their credit. Who would deny it? 
They have, it is true, fancy apparatus and marble columns and 
some equipment not available elsewhere. They have, some of 
them, unusually efficient press agents and even news departments, 
and they get plenty of press releases and free advertising. (Which 
is more than the ordinary commercial or independent research lab- 
oratory gets; or at times wants, if the truth is known.) 

But why not give equal publicity to the accepted fact that there 
are efficient and independent consultants and research laboratories, 
known perhaps more commonly as ‘commercial testing’’ labora- 
tories. Industry in part knows it and large industrial organiza- 
tions are perhaps more aware of the value and functions of the 
independent laboratory than are the small companies in general. 
The largest ones must know it; they are the first to use the serv- 
ices of such consultants and laboratories. 

It is true that the independent and unendowed or non-tax 
supported and private laboratory does not get into the news so 
much, but that is quite natural, for in many cases the work or 
service is confidential in whole or in part and confidences must be 
preserved. On the contrary, one might find it hard to defend a 
policy of reticence as to procedure or results on the part of a 
research institution supported to any extent by taxes or public 
funds of whatever sort. Not all, of course, are of that type, though 
most are tax exempt, which is more than our group can say! 

Not all the inconsistency is in Washington. Some of the strong- 
est opponents of socialization of industry are, by default at least, 
proponents of the socialization of the professions. Perhaps the 
writer will be forgiven, however, for suggesting that there are 
conscientious, well-staffed, efficient and independent but private 
consulting and research laboratories; that there is a place for such 
an independent research group in the sun and that more small 
industrial companies, as well as the large ones, might do worse 
than turn to them for help in initiating, developing and installing 
mew processes. There is a place for the endowed institution and 
there is one for the private self-supported research laboratory. But 
give the latter a break. Of the two groups they have been and 
must apparently remain, the less articulate. 


THOMAS A. WRIGHT. 
New York 
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Hardening Steel 


F.G., PoRTLAND, OrE. An easy method for hardening a piece ce 
of steel consists of immersing the metal in a tank of boiling |in- ty 
seed oil to which rosin has been added in the proportion of one ee 

bY oe 


eighth of a pound to a gallon of the oil. When the steel has 
reached the same temperature as the oil, remove it, dust it over 
with powdered rosin, and then plunge it into cold kerosene. From 
Popular Science for October.—C. S. Moopy, Northwest Engineer- 
ing Corp., Green Bay, Wis. 
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Rapid Malleableizing 


To the Editor: In reference to the note on ‘Rapid Malleable- 
izing’ in the High Lights in the September issue of METALS AND 
ALLoys, apparently neither the Russian workers nor the com- 
mentator is aware of the fact that the processes they are describ- 
ing is the subject of an American patent No. 1,688,438 granted 
in 1928 and that its mechanism was discussed before the chen 
A.S.S.T. at the Cleveland meeting in 1929. 

I do not know whether the joke is on me, on Saito and § 


mura who discovered the process in Japan at the same time «at 
we did here, the Russians, or the METALS AND ALLOoys 
mentator. 


H. A. SCHWARTZ, 
Mer. of Research. 


National Malleable and 
Steel Castings Co., Cleveland, 





Crystalline Manganese 
Sulphide in Cast tron 


To the Editor: 


In connection with Mr. Ellis’ discussion (‘Crystalline Manga- 
nese Sulphide in Chilled Cast Iron” by O. W. Ellis, MeTats AND 
AtLoys, August, 1937, p. 221) of crystalline sulphides he found 
in cast iron, I would like to submit a photomicrograph of crys- 








ty 








talline sulphides found in a medium manganese-chromium steel. £ 
Such sulphides are quite characteristic of this type of steel, espe a 
cially when the steel is well oxidized. * 
C. E. Sims. A : 
Ss ee 
Battelle Memorial Institute, Columbus, Ohio. s. 
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